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RADIO SHACK PARTS PLAGE

YOUR SOURCE FOR PROJECT AND REPAIR ESSENTIALS

PARTS HOTLINE

Your nearby Radio Shack store has a huge selection of popular
electronic components. Plus, we can special-order 10,000 items
from our warehouse—ICs, tubes, semiconductors, phono car-

tridges and styli, even SAMS* manuals. Service is fast and
there’s no minimum order or postage charge.

BATTERY HOTLINE

1991 Semiconductor Reference
Guide. A “must" for electronics build-
ing and repair. This new edition gives
you a 95,000-item semiconductor sub-
stitution guide plus detailed data on
Radio Shack ICs, SCRs, LEDs, diodes,
transistors and optoelectromcs

#276-4014 . 3.99
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Replacement Rod Antennas. For
cordless phones, radios, portable
stereos, walkie-talkies and your own
custom projects. 16 styles in stock!

(1) 30" #270-1401 2.99
(2) 13". #270-1407 .. 2.79
(3) 23%/8". #2701417 ... 3.49

Battery Holders. |deal for projects,
for replacement or for building exter-
nal power packs. Our store near you
has 15 different styles in stock!

(4) Holder for 8 “AA" Cells. 9V-
type snap connector. #270-407, 1.29

Replacement Fuses. For appliances
and vehicles. Over 60 values in stock!
(5) 10-Amp Fuse for Microwave Ov-
ens. #276-1256 . Pkg. of 2/1.29

In addition to our large in-store stock, Radio Shack can now
supply almost any currently manufactured consumer-type
battery—for cordless phones, computer memory, camcorders,
transceivers, pagers and more. No postage charge!

Bench/Portable LCD Digital VOM.
Our best multitester! Displays transis-
tor gain directly and has diode-check,
memory and continuity functions.
Autoranging or manual modes. Mea-
sures to 1000VDC, 750VAC, 10 amps
AC/DC and resistance.

#224195 .. ... L. . 99.95
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(1) Mini-Clip Test Leads. 48" long.
Mini test clip at one end, banana plug
at the other. Includes pin-type plu

adapters. #278-1160 Pair/3.9

(2) Test Probes With Coiled 6-Ft.
Leads. #278-750 ... . Pair/4.99
(3) Deluxe Soft Carrying Case. Per-
fect for multitesters. #22-149 ... 7.95

4-in-1 Soldering Tool. Operates any-
where on standard butane lighter fuel.

Refills in seconds. #64-2161 .. 29.95
(1) 1.0 mm Tip. #64-2163 . ....9.95
(2) Blow Torch Tip, #64-2168, (3)
Heat Blower, #64-2169, (4) Hot
Knife, #64-2170 available on special
order . Each 9.95
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(1) Dual Mike Cable. For balanced
hookups. 30 ft. #278-1281 ... 19.95
(2) Super-Flex Mike Cable. Extra-
supple. 30 ft. #278-1282 . 14.95
(3) 4-Conductor Double-Shielded
Cable. 30 feet. #278-777 . 7.95
(4) Magnet Wire Assortment. 22,
26, 30 gauge. #278-1345 .4.99

Bright Krypton
Bayonet-Style
Lamps for Flash-
lights. Use in
place of standard
lamps for super
brightness. For ex-
ample, K4 re-
places standard
PR4. Each 79¢

mA Cat. No.
480 272-1169
600 272-1156
830 272-1157
800 272-1158
700 272-1162
650 272-1163
700 272-1164 |

Mercury Bulb Switch. Just the thing
for experiments and alarms. Con-
tacts rated 5 am s at 125VAC. Style
may vary. #275- cacaa

Surface-Mount Resistors. 200-
piece assortment! Popular values,
rated /e watt, 5%. #271-313, Set 4.99
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Six-Outlet Power Strip With Spike
Protector. Noise filter, breaker.
Rated 15A. #61-2780 . 29.95
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10-Amp Plug-In
DPDT Relays.
With 12vDC Coil.
#275-218, 5.99
With125VAC Coil.
#275-217, 5.99
Relay Socket.
#275-220, 1.79

Piezo Speaker.
Only 131/32"-dia.
by S/ea thin. This
high-efficiency
device can be
driven by ICs. 500
Hz to 20 kHz. 1200
ohms.

#273-001 . ..

2.49

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locations to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers. Radio Shack 15 a division of Tandy Corporation

(1) Precision Thermistor. Range:
-50 to +110°C. #271-110 . ... .1.99
(2) High-Sgeed 12vDC Motor. Up
t0 15,200 RPM at no load. About 2"
long (with shaft). #273-255 2,99
(3) 12vDC Brushless Micro Fan.
Ideal for cooling mobile equipment
and hum-sensitive circuits. 4.6 CFM.
150 mA. #273-244 . . .. .. 17.95

|- ®

Electronic Counter Module. Pre-
wired! Great for a traffic or event
counter. Counts up to 99,999. Ac-
vanced (or reset) by external switcn
closure or digital circuit. Accepts
count rate up to 7 Hz. Has /2" liquid
crystal display. Requires “AA" bat-
tery. Low current drain—only 4 pA,
With data. #277-302 ... .. .. 16.95

Radlo JThaek

MERICII’S TECHNOLOGY STORE
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In our next issue:
*  Headphone amplifier
+  Electronic exposure timer
* 6.0 MHz TV sound
demodulator
+  PC-controlled semiconductor
tester
Radar detector
2 m converter
+  Multi-channel audio/video
switch

Front cover

The picture shows the
voltmeter function, PCV,
of the Multifunction Mea-
surement Card for PCs in
action. The two basic
measurement functions
offered by the card, a volt-
meter and a frequency
/pulse meter, are fre-
quently required in the
electronic workshop or
laboratory, but not com-
monly implemented on a
PC. At least, not at the ac-
curacy achieved by this
card: the voltmeter and
the frequency meter have
the remarkable precision
of 12 bits and 6 digits re-
spectively, which is up to
par with the specs of
much more expensive (in-
dustrial) products.

On the EGA monitor you
can see the colourful PCV
menu, which offers a host
of features for multi-chan-
nel multiplexed measure-
ments, auto-calibration
and range settings. The
large voltmeter indication
will be familiar to readers
who have already digested
Part 1 of the relevant arti-
cle (don't worry if you
don't get the meaning of
1.91).

In forthcoming issues, we
intend to publish a num-
ber of practical applica-
tions of the system.

Copyright © 1991 Elektuur BV

ELEKTOR ELECTRONICS USA is publish-
ed 11 times & year at $28 per year: $50 for two years
by Audio Amateur Publications. lac.. 305 Union St
Peterborough NH 03458 USA. Application to mail at
second class rates peoding at Peterborough NH and
an additional mailing office

POSTMASTER: Send address changes to

Elektor Electronics USA, Caller Box 876, Peter
borough NH 03458-0876 Return Postage Guaranteed
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OLD COLONY'’S
USER-FRIENDLY SOFTWARE

Speaker Designer™
Release 1.2 by Stuart E. Bonney
A loudspeaker system design aid and modeling tool for use with
both closed and vented systems over the frequency range from
10 to 300Hz. Computes and displays system frequency response,
power handling capabilities, and relative sound pressure level
{SPL) outputs for each of 26 discrete frequencies over this range.
Includes one year support by the author when the user registers
this Shareware product. Each $19.50
1BM 514" 360K DS/DD SPD-1BS

Loudspeaker Modeling Program
by Ralph Gonzalez (SB 1, 2, 3/87)
LMP produces a full-range frequency response prediction for
multi-way loudspeakers, including the effect of the crossover,
driver rolloffs, interdriver time delay, “diffraction loss,” etc. (In-
cludes author support.) Each $17.50
Specify:

Apple Il 5v" SS/DD (DOS 3.3) LMP-1AS
Apple Macintosh 32" SS/DD .LMP-2M3G
1BM PCIXT/AT 5%" DS/DD LMP-2B5G
Commodore 64 5%" DS/DD LMP-1C5

“Souped-Up” LMP provides professional-quality graphics and
afast, friendly, user interface. Remains compatible with LMP data
files and is available for IBM PC (CGA, EGA, VGA, or Hercules
graphics) and Macintosh computers. The Macintosh versionalso pro-
vides square wave analysis with audible output.

Each $49.50 (upgrade price: $39.50")

Specity:
I1BM PC/XT/AT 5" DS/DD LMP-3B5G
Apple Macintosh 32" $S/DD LMP-3M3G

*Qriginal LMP disk or sates receipt must be included w/ order.

Driver Evaluation

and Crossover Design
by G. R. Koonce (SB 5/88)

Disk 1 evaluates the suitability of drivers for closed, vented and

passive radiator enclosures, and allows detailed designs of vented
boxes.

Disk 2, in addition to driver evaluations, allows the design of

first-, second-, and third-order crossovers. 5% " IBM: 360K, DS/DD.

Each $12.50

Specify:
Driver Evaluations .DRI-1BS
Crossover Design CRS-185

Active Filter Design
by Fernando Garcia Vlesca (SB 4/88)
Calculates component values for Butterworth filters in four con-
figurations: High- and low-pass in second- and third-order. {In-
cludes author support.} Each $17.50
1BM $%" 360K DS/DD . . .ACT-1BS

Two-Way Active Crossover Design
by Gary Gaio (SB 5/88)

Performs the calculations for the eight two-way active crossover

designs described by Bob Bullock using formulas exactly as given

in the articles; plus a program to calculate V. {Includes one

year user support.) Each $20
Specity:
1BM 5%" 360K DS/DD TWO-1BS
18M 32" 720K DS/DD .TWO-1B3

Stepped Volume Controls

by Joseph O’Connell (TAA 4/88)
These ready-to-run Mac programs come on a 3%-inch SS$/DD disk
initialized as a 400K disk for compatibility with all machines.
Also included are the Pascal source codes, should you wish to
customize them for your own use. Program A. Precisely matches
the resistor values to the measured or estimated source and load
impedances, yielding great accuracy. Your volume control can
have 3 to 99 positions. The program will ask you how many dB
each step should be attenuated and has provisions for a standard
audio taper or any other taper you devise. Program B, Calculates
the taper that will result with your actual resistor values, because
you are limited to standard values or with series and parallel com-
binations. It can also show the effects of different source and load
impedances on the taper. Both programs (contained on the same
disk) allow you to save their output to a text file and include
author support via mail. Each $25

Apple Macintosh 312" 88/DD SVC-1M3

BULLOCK & WHITE

BOXRESPONSE

Model-based performance data for either closed-box or
vented-box loudspeakers with or without a first- or sec-
ond-order electrical high pass filter as an active equalizer
[$B 1/84). The program disk also contains seven additional
programs as follows:

Air Core: This program was written asa quick way of eval-
uating the resistance effects of different gauge wire on a given
value inductor. The basis for the program is an article in
Speaker Builder (1183, pp. 13-14) by Max Knittel. The pro-
gram asks for the inductor value in millihenries (mH} and
the gauge wire to be used. (NOTE: only gauges 16-38.)

Series Notch: Developed to study the effects of notch filters
in the schematics of some manufacturers. Enter the com-
ponents of the network in whole numbers {i.e., 10 for 10uF
and 1.5 for 1.5mH) and indicate whether you want one or
two octaves on either side of resonance. Output is frequency,
phase angle and dB ioss.

Stabilizer 1: Calculates the resistor-capacitor values needed
tocompensate for aknown voice coil inductanceand driver
DC resistance.

Optimum Box: A quick program based on Thiele/Small to
predict the proper vented box size, tuningand — 3dB down
point. Itis based only on small signal parameters, therefore,
itisonly anestimate of the response at low power (i.e., limited
excursion).

Response Function: Calculates the small signal response
curve of a given box/driver combination after inputting the
{ree-air resonance of the driver (fg ), the overall “Q" of the
driver {Qrs ), the equivalent volume of air equal to the
suspension (Vg ), the box tuning frequency {fg }, and the
box volume {V; }. Output is the frequency and relative out-
put at that frequency.

L-Pad Program by Glenn Phillips: Appeared in Speaker
Builder (2183, pp. 20-22). It is useful for padding down a
tweeter or midrange while still retaining the same load as
the driver itself.

Vent Computation by Glenn Phillips: Calculates the
needed vent length for 1, 2 or 4 ports of the same diameter.
Input box volume in cubic feet and required tuning fre-
quency (fg), output is vent length and vent area for each
case.

Medium: 5% ” SS/DD Disk. Price, $25.

Specify:
BOXRESPONSE
Apple. ... BOX-1A5
Commodore 64 (Disk) ............ BOX-1C5
Commodore 64 {Cassette)......... BOX-3CC
IBM. .ot BOX-1B5
IBM Plus Graphics
BOXRESPONSE ......... BOX-2B5G $50
PASSIVE CROSSOVER

This disk is a result of Mr. Bullock’s extensive research
concerning first-, second-, third-, and fourth-order passive
crossovers in Speaker Builder 1, 2 & 3/85; $25

Specify:
PASSIVE CROSSOVER CAD
Apple . .oiviiiiiii i PAS-1A5
Commodore 64 (Disk)............. PAS-1C5
;3. PAS-1B5
IBM Plus Graphics
CROSSOVERCAD ......... PAS-2B5G $50

CALSOD

Computer-Aided Loudspeaker
System Optimization and Design
by Witold Waldman

CALSOD is a new entry into the field of crossover net-
work optimizing software available for the IBM PC
desktop computer. It combines the transfer function
of an LC network with the acoustic transfer function
of the loudspeaker, by using some form of iterative
analysis. CALSOD creates, through the process of
trial-and-error curve fitting, a suitable transfer func-
tion model which it can then optimize. The program
is the subject of CALSOD author Witold Waldman's
research paper “Simulation and Optimization of
Multiway Loudspeaker Systems Using a Personal
Computer'' which appeared in the Audio Engineer-
ing Society Journal for September 1988, pp. 651-663.
CALSOD differs considerably from other software
since it models the entire loudspeaker output of a
multiway system, including the low-end response,
and the summed responses of each system driver.
The program performs a lot of tricks. One of the
more spectacular of these allows the designer to spec-
ify the location of the driver acoustic centers using
an XYZ coordinate system. Thus, if the designer ex-

pects to mount a driver combination on a flat baffle,
the summed response can be optimized to compen-
sate for rearward displacement of a woofer's acoustic
center with respect toatweeter. CALSOD can model
up to seven drivers at atime in a four-way system giv-
ing the summed response and acoustic phase response
of the entire system.

The CALSOD program comes on a single 360K
floppy, and requires one directory and two subdirec-
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym-
bols. The 133-page User Manual, provided on a sec-
ond disk, is well written, adequately describes the
various program functions, and contains an excellent
tutorial example, which demonstrates the use of the
program.

Specify:

IBM 54" 360K DEMO . . . .CAL-2B6D $ 5.00"
IBM 2 x 5% 360K DS/DD ..CAL-2B6 $65.00
IBM 3v2” 720K DS/DD. . ... CAL-2B4 $67.50
* Usable as credittoward later purchase of full CALSOD.

NOTE: OLD COLONY SOFTWARE SHOWN ON
THIS PAGE IS NOT RETURNABLE FOR REFUND
OR CREDIT, ALSO, BECAUSE OF UNREASON-
ABLE TAXATION REQUIREMENTS BY THEIR
STATE, WE REGRETFULLY ARE UNABLE TO
SELL SOFTWARE TO RESIDENTS OF CONNEC-
TICUT.

POSTAGE & HANDLING: In US, please add $2.00 for first disk and 75¢
each additional disk. In Canada, please add $4.50 for first disk, 75¢ each
additional. Overseas, please include 20% of total order for shipping.

OLD COLONY SOUND LAB

PO Box 243, Dept. E91, Peterborough, New Hampshire 03458 usa
(603} 924-6371 / FAX: {603) 924-9467

Answering machine for credit card orders only: {603) 924-6371
before 9:00 a.m., after 4:00 p.m. and weekends.
Have information plus MC/VISA available.

DEALER INQUIRIES INVITED
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The MDM 85 is a mid range 75mm
soft dome unit of extremely high
standard, both from a design and
technical viewpoint.

it incorporates the renowned Morel
double magnet and Hexatech voice
coil techniques, and results in a unit
of above average sensitivity with
extremely low distortion and high
power handling capebility.

With an output level of 96d8
distortion in the area of 400-800Hz is
slightly over 1% falling to 0.015%
from 1Khz.

There are two different types
available, one with a rear enclosure
and one without (MDM 85NE).

The type with the rear enclosure can
be fitted into a cabinet as an integral
unit.

The MDM 85NE without the rear
enclosure can only be fitted into a
system having a separate housing to
enclose the unit. A volume of 0.7
litre is recommended for this housing,
which is essential to prevent inter-
reaction with the bass unit
compressions and expansions. This
housing must be filled full with
damping material, such as fibreglass
or rock wool.

The Thiele small parameters are given
for both types under specifications.
The contribution of this unit to a
suitably designed system will be
evident in the clarity and detail given
in the 500-5000Hz region.

MDM 85 twith enclosure)

Overall Dimensions @ - 160mm x 113mm
Nominal Power Handling Din 300w
Transient Power 10ms 1500w

Voice Coil Diameter 75mm (3"}
Hexatech Aluminium
Voice Coil Former Aluminium
Frequency Response 300-5000 Hz
Resonant Frequency 250 Hz
Sensitivity 92 d8 (1W/1M)
Nominal Impedance 8 ohms
Harmonic Distortion
for 96 dB SPL <1%
Intermodulation Distortion
for 96 dB SPL <0.25%
Voice Coil Inductance @ 1 Khz 0.2mh
Air Gap Width 1.05mm
Air Gap Height 3.0mm
Voice Coil Height 6.0mm
Flux Density 1.0T
Force Factor (BXL) 4.6 WB/M
Rde 5.2 ohms
Rmec 37.90
Qms 0.29
Qes 2.GC5
QT 0.20
Vas 0.33 litre

Moving Mass including Air Load 7.0 grams
Effective Dome Area 63.50 cm?
Dome Miaterial  Chemically Treated Fabric
Nett Weight 1.25 kg

Variations to specification for MDM 85NE
(without enclosure)

Overall Dimensions @ - 160mm x 60mm

Frequency Response 250-5000 Hz
Resonant Frequency 170 Hz
Rmec 39.33
Qms 0.19
Qes 1.81
QT 0.17
Vas 0.7 litre
Nett Weight 1.05 kg

l . _©@-160mm .
5.0 .

[
108‘mm

|

Specifications given are as after 24 hours of running.
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Now Available by Popular Demand!

BULLOCK ON BOXES

BY ROBERT M. BULLOCK III
with Robert White

Since 1980, readers of Speaker Builder magazine have
delighted in the scope and clarity of Bob Bullock's explana-
tions of vented-box loudspeaker systems. Now, for the first
time, these articles have been collected into a single in-

valuable volume: BULLOCK ON BOXES.

This book is an easy-to-read guide to designing and build-
ing vented-box systems based on Thiele/Small models.
And in addition to the background theory and descrip-
tions of the models, BULLOCK ON BOXES carefully
covers a host of related information drawn from nu-
merous resources. Computer modeling, as demon-
strated by the authors’ BOXRESPONSE and BOX-
MODEL programs, is also explained in clear detail.

A professor of applied mathematics at Miami Univer-
sity (Ohio) since 1966 and long-time hands-on speaker
buff, Dr. Bullock brings an unparalleled range of ex-
perience to the pages of BULLOCK ON BOXES. Fully
indexed and referenced, with glossary, bibliography, and
more than 100 illustrations, BULLOCK ON BOXES is
a practical handbook and lasting reference indispensable
to every serious speaker builder. Order yours today!

CHAPTERS:

e Thiele, Small, and Vented
Loudspeaker Design

¢ Determining Design

¢ T/S Calculator Programs
(T1-58/59, HP-67/97)

» BOXRESPONSE: An Apple
Program for the Thiele/

Parameters for Your Small Models
Loudspeaker e Realizing BOXRESPONSE's
e Fine Points of Vented Potential

¢ BOXMODEL: An Aid to
Woofer System Design

e Correspondence & Updates

Speaker Design

o Alternative Alignments
(incl. Fourth Order)

DEALER INQUIRIES INVITED

BKAA8 1990, 8%2" x 11"

$10.95

SPECIAL OFFER: For a limited time only, purchase
BULLOCK ON BOXES and receive your choice of software
package below at $5 off the regular retail price. Order
BKAAS8/S.*

*Because of taxation requirements, software not available to residents of CT.

SOFTWARE PACKAGES AVAILABLE (Sale Prices Shown):
BOXRESPONSE $20
Apple (not Mac) #BOX1A5 Commodore #BOX1C5
IBM #BOX1B5 Comm. Cassette #BOX3CC
BOXRESPONSE WITH GRAPHICS $45
IBM only #BOX2B5G
BOXMODEL WITH GRAPHICS $45
IBM only #MOD3B5G
[NOTE: In general, BOXRESPONSE automatically generates alignments for
a given driver. BOXMODEL does not do this, but instead compares up to four

given alignments simultaneously. Both programs display various performance
aspects of passive-radiator or vented-box systems.]

0 CK 0 MO [ MCIVISA
[J YES! Please send me ___ BULLOCK ON
BOXES at $10.95 each! BKAAS §
NAME [0 SOFTWARE, TOO! Please send me
one BULLOCK ON BOXES at $10.95 BKAAS8/IS
STREET & NO. PLUS my choice of software package
#_ atomly$____ ! BKAASS _____
CITY STATE Z2IP
POSTAGE AND HANDLING (see below) S
MC/VISA EXP.
TOTAL ORDER $§
OLD COLONY SOUND LAB

PO Box 243, Dept. E91
Peterborough, NH 03458-0243
(603) 924-6371 / 924-6526
FAX: (603) 924-9467

Answering machine for credit card orders only:
before 9:00 a.m., after 4:00 p.m. and weekends.
Have all information plus MC/VISA available.

POSTAGE AND HANDLING:

U.S.—Book only: $2.00 first book, 75¢ each additional.
Book plus software: $2.75.
Canada—Book only: $4.50 first book, 75¢ each additional.
Book plus software: $5.25.
Other—Add 20% to order.
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MARK V ELECTRONICS,

ORDER IN CA 1-800-521-MARK
ORDER OUTSIDE CA 1-800-423-FIVE

Gives you more selection on Electronic Kit
dicates the level of di ty in the assembling of our

INC.

FREE CATALOG & INFORMATION (213) 888-8988
FAX (213) 888-6868

Power Amplifiers, Test Instruments and Professional Products

VIDEO/AUDIO SURROUND SOUNO PROCESSOR

SM-333 AAAX

It has inputs for VCR. Video Disc and Compact Disc and can also be
used with FM tuners. tape decks and LP discs - in fact anything that
can be connected to your pre-ampiifier.

It also has front panel control of dynamic noise reduction DNR *

surround level. eftect and time delay up to 50 milliseconds.

Rear panel outputs for front and rear steréo speaker amplifiers. The
unit may be purchased as a kit or fully assembled ready to plug n

SPECIFICATIONS

Fvequen% response 20 Hz to
20KH2 * Tolal harmonic distor-
tion. Front channel 0 05%. Rear
channel Less than 0 25% « Input
signaf votage 0110 3 5V - Out-
put Front channel 0110 35V«
Rear channel 6 6V - Delay hme 5
to 50 miliseconds = Input 1m
pedance 47 K -« Power
requirments  100-120 VAC. 60
Hz + Dimensions 132
wide 3 82 deep. 2 1" high

« TM OF NATIONAL SEMICONOLICTOR CORP

100W + 100W NEW CLASS A OC STERED PRE

AND MAIN AMPLIFIER TA-1500 A A A

The TA-1500 15 a fully integrated stereo amplifier including a prezmplibier It
has nputs for magnetic phono. tuner. aux.
mic and tape in/out Controls include volume,
balance. mic garn. bass, treble and mid-band
tone controls and mput selector. It 1s also
possible to connect an external. separate pre-
amplifier Other features are fully comple-
mentary OC coupled circuitry with fast acting
speaker protection relay. Power supply com-
ponents are included On the printed circunt
board and requires only the addition of an .
external transformer. The Mark V model
00115 a suitable transformer

SPECIFICATIONS

Pov.er output 80 watls per channel into 8
ohms 100 watts per channel into 4 ohms «
Total harmonic distortion_Less than 0 03% Frequency response Aux nput 5 to
50000 Hz+0 2dB -2 dB « Frequency response Power amplifier section OC to 200
KH2Z - Sensitivity Phono 25 mV @ 47 K Aux 150 mV @ 47 K Mic 6 TV @ 10K
Output Tape 1§0 mV & 37 K Preamp 1V @ 600 ohms « Power transtormer 26 V
1032V ACXx2 & 6 A (Mark V Model 001) » P C Board Oimensions 105 x 6 13" x
225 » Heatsink 513 x263 x3 (Each)
Use rack mount cabinet LG 1924 or LG 1925

PLEASE SEND ME A COPY OF THE FREE CATALOG |

60W + 60W Stereo Power Amplifier (with Mic. input)
SM-302 A A%

The SM-302)s a fully selt-contained power amphtier s designed 10 be used
vath a wide vanety of preampiitiers and the exciting Mark V surround soungd
processor A y 1S greatly | because all mount
directly on the prinfed Crcuit board and interconnect wires are hetd lo a
minmum Anadded benefitis that hum noise and distortion are also minimized
The SM-302 provides three input jack pairs One pair will accept a high
impedance micsophone The two remaining parrs are for high levet and fow level
nput sources These input jacks are selecled by a panel mounted shde switch
SPECIFICATIONS

Frequency response 20Hz to 20
KHz « Total harmonic distorton
< 0 1% « Power oulput 60W per
channel into 4 ohm load » 33W per
channel into 8 ohm load « Input
sensitivity Mic 10mv » Lo 380my
* H 640 mv « Signal to noise rato
Better than 70 db « Power
consumption 100W » Oimension
360 mm x 75 mm x 200 mm

Compiete Kil: $67.00

Complete KIt: $65.00 Assembied & Tested $78.00

Assembled & Tested: $75.00

300 W HI-FI POWER AMPLIFIER (MONOD)

TA-3600 AA A
The TA-3600 15 an extremely hugh power amphfier specifically
designed to reproduce the high dynamic range availabie on compact

discs

It has low noise. high stabil- q

ity low distortion. extended o J

frequency range and high a8

etficeincy n a compact v -
package.Two of these umits b ] »

with appropriate power oy e

supply and pre-amplifier are . =

required for stereo repro-
qu s Complete Kit: $85.00

duction.

Assembled & Tesied: $110.00
SPECIFICATIONS Transtormer: $43.00
Power output 300 walls sine wave inlo 8 ohms 540 watts music povser ivlo 8 ohms
« Frequency response 10H2 to 20 KKz » Total harmonic distortion Less than 0 05%
« Intermodulation distorfion Less than 0 05% « Sensitvity 1 V ms at 47K « Povier
requirements 60 lo 75 VOC at 8 amp « Oimensions 8 x 7', x 2

Complete Kit: $73.70
Assembled & Tested: $95.81

Rack Mount Metal Cahinets
with aluminium panel are
suitable for many projects

L]
T

Universal Audio/Video KARAOKE Mixer Pre-Amp.
SM-888 «

The SM-888 1s smartty styled and has a vaniety of funchions such as echo mode
echo depth and a graphic equahzer to Suit vanous environmental and indwidual
lastes The graphic equahzer s very effectwve 10 Create a more lvely ettect
SM-888 features include two microphone jacks for mixing LO (laser disk) and
VCR connection terminals. built n phone pre-amp and 1ape recorder jacks and
all the faciies you need for live recording Ar integral signal amplfier altows
sources with varying signal levels to be for best results
connections are provided for CO (compact disc) and FM tuner mputs
SPECIFICATIONS

Fequency Response 20H2t020KHz

*THD <001% from 20 Hz 1020

mvat a7k« MIC 3 my at 600 ohms

Useable 300 ohms 1o 47 k « Line

outpul 810 1 5vwith 300 mvinpul Assembled & Tested: $225.00
Equahzation 100 Hz - 10db 250 Hz * 10db 1 KHz - 10 db 3KHz - 10db 10
Modern circuit design utihizes full complementary power output
and differential cascode input stage. DC coupling provides superb
transient response. A special output circuit guards against short
circunts and overload operation

KHz « Input Sensitivity 3 mv rms
Input impedance 47 k= AV {audio}
300 mv at 47 K = AV (video) direct
connection « FM tuner 300 mv at
47 k+C0 300my al 47 K « AUX 300

KHz » 10 db = Echo delay lime 62 10 220 ms = Power Requirements 1107220
VAC 50 60 Kz - Power consumplion 28 W « Oimensions 17 W x 2:1/2 Hx
777 0 432mm x 64 mm x 200 mm
80W + 80W PURE DC STERED MAIN POWER AMPUIFIER
TA-802 AA

SPECIFICATIONS

Povier output 80 watlts per channel
nto 8 ohms Total harmonic distor
hion Less than 0 05°. at rated power
intermodulation distorion Less than
005° al rated power Frequency te-
sponse 0Cto200KHz 0dB -3dB a
1 vatt Power requirements 30 VAC x
2 a 6amp May use Mark V model
001 transtosmer P C Board 8172 x
5§ x1-1/8" Heal sink 5-1/8 x2-5/8 x
3 (Each)

Complete Kit: $45.94
Assembled & Tested: $59.72

120W MOSFET POWER AMPLIFIER (MOND)

TA-477 A A

This amplitier 1s designed specifically for fow TIM distortion. It
uses parallel MDSFET output transistors. This Is a very popular
kit because of i1s superior sound reproducing abihty and high

Wes accept maor ¢ hecks anaC O D Orders CO D tee1s $500 Mimimum order 15 $20 00 » We ship by UPS ground ins:
outside US Please

of CA please 400 sales tax 675  + All merchandise subject to ale Prce

MARK V ELECTRONICS, 1

et Cargs Maney Order

are subject 10

NC.-8019E. S
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e USimin $3001 and shipby USmait Business
our sales department lor orders over 21bs o foreqgnorders « All asspmoled units have d 30 0ays warranty » Quahty or Volume dis count available upon request « Resident
hange without pnor notice We are not responsible for typograhical efror Sat

lauson Ave, Montebello, CA 90640 == =) i

T— and most of our kits. power reserve. BUILD TWD KITS FOR A PROFESSIONAL
NAME 1 STERED AMP!
S I SPECIFICATIONS
ADDRES \‘
ZE=S l :’H 0 LessT‘;aonooorl- e
: ov/er gutput vaatls into
&7y We provide transform-  gonms. Frequency response
8H210 20KHz +0-0 4 dB + Sen
| ers for most of our Mark sty 1V .Dpcowe. require- XS
ifi i ments 55 VOC a 3 amps 4
STATE P I v amplifier kits. May use Mark V Model 003 Camplete Kit: $68.00
A . Transformer Assembled & Tested: $85.00
AMPLIFIERS KIT ASSEMB. Free gift for any purchase betore April,
MODEL DESCRIPTION 'MISCELLANEOUS KIT  ASSEMB.
TA-28MK2 Oigutal Voice Memo A & $3000 MOOEL DESCRIPTION
TA-50A /8 Mult-Purpose Melody Generator & 1284 51720 1Y-238 3 Channet Color Light Controller $ 6500
TA-50C Multi-Purpose Metody Generator & 1365 1871 1Y-25 Stereo Loudspeaker Prolector A $1485 2085
TA-120MK2 35W Class A Main Power Mono Amp A A 3150 4280 1v-35 FM Wireless Microphone A 125
TA-300 30W Multi-Purpose Single Channet Amp A 2000 2900 v-36 AC/OC Ouartz Dignal Clock & 1900 2620
SM-302 60W - 60W Stereo Power Amphfier (vith Mic input) A& # 6700 78 00 Tv-38 Sound - Touch Control Switch A 12 00
TA-323A 30W X 2 Stereo Pre-main Amp A 3150 4280 IY-41MK V Infared Remote Control Unit (v/Case) A AA 2200 3500
TA-377A Hi-Quality FET Stereo Pre-Amp A AA 5995 7500 v 42 Bar 7 Oot Level Meter A & 2415 3381
TA-400 J0W Sobd State Mono Amp A 2800 3493 Tv 43 3. Orgital Panel Meter & 2900 3800
TA-a77 120W Mostet Power Mong Amp A A 68 00 8500 Y 45 20 Steps Bar Dot Audio Level Display A A 3845 4614
TA-800MK2 120W » 120W Low Tym Pre-Main Stereo Pover Amp A A 6392 Tv-37 Supenor Electronic Rouletie AA 1946 2724
TA-802 80W « 80W OC Stereo Main Power Amp AA 4594 5972 SM-222 7 Band Hi-FI Graphic Equalizer & & A 26 80 3880
TA-820A 60W » 60W OCL OC Pre-Main Stereo Amp A A 4039 1937 SM-328 4 Channel Protessionat Color Light Controller # 145 00
TA-1000A 100W Oynamic Class A Main Power Mono Amp A & 5969 8058 SM-333 Audio'Video Surround Sound Processor A AA % 6500 7500
TA-1500 100W X 2 Class A OC Stereo Pre-Mamn Amp AAA 7370 95 81 SM-666 Oynamic Noise Reduction & 26 00 3400
TA 2200 Fet Super Class A OC Pre-Amp AAA 1770 5824 SM 888 Umiversal Audio Video KARAOKE Mixer Pre Amp w 22500
TA-2400A Electronic Echo & Reverberation Amp 96 00 10 000u f 80 V Capacior {Suggested for TA 3600 TA-377 TA 1000A & TA 802) 2300
TA 2500 HQ Pre-Amp v/ 10 band graphic equahizer # 68 80
TA 2800 HI-FET IC Pre-Amp v 3 way tone conlrol A A 48 90 6357 METAL CABINETS WITH ALUMINUM PANEL
TA 3000 Stereo Simulator {For Mono TV or Any Mono Source) A A 2700 3850
TA-3600 300W HO Hi Fi Pover Mono Amp A AA 8500 11000 MOOEL  H xW x D MATCHING PRICE
LG 1273 3 12 7 TA-2800 TA-377A TA 2200 $2285
POWER SUPPLIES KIT ASSEMB. LG1684 1 16 8  TA-323A TA-377A TA 2200 2750
. LG-1924 4 19 11'. TA-802 TA-B20A 7A 1500 TA120MK 2 TA-800 TA-1000A 32 80
;:-;gg: g:gz g: Sequ:a:eg 3g gowev guon:y (W/Case)w B S g? ?g LG-1925 5 19 110 TA-477 TA-800MK2 TA 1500 TA 1000A TA-3600 3580
: b egulate over Supply A LG-1 241 TA-377A TA-2800 TA 2200 TA 120MK 2 2925
TR-3558 0-30v 3A Regulaled OC Povier Supply & 1565 2176 263 0y e
TR-503 0-50V 3A Regulated OC Power Supply A & 1675 2365 POWER TRANSFORMERS
INSTRUMENTS KIT  ASSEMB. MOOEL OESCRIPTION MATCHING PRICE
001 28Vx26A1030Vx26A TA BOOMK2 TA-802 TA-820A TA-1000A TA-1500 2700
M43 3 Mult-Functional Led D P M (v, ABS plastic case)a & $3450 53300 002 LA DETD U, 300 TA-300 ol
SM-48 4 Hi-Precsion DPM AAA 38 00 48 00 003 10V x 2 6A TA-477 2800
SM-a84 41 Hi-Precision D P M (w/ABS plastic case) A A A 4120 5200 004 24V x 2 6A TA-120 MK 2 2200
SM-19 3' - Mutti-Functional LCO O M P {w’Hold Func:ion)a A 3600 1450 005 26V x 2 34 TR-3558 1600
SM-100 150MC Digital Frequency Counter A A A 7900 90 00 006 18V x 254 TR-355A 1550
FC 10004 1 GHz Frequency Counter # 17900 007 53V x 2 BA 1A:3600 4300

Showroom hours (Pacihc Time|
930 amto 5 00 pm
10 00 am to 5 00 pm

Mon thru Fri
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If you had to invent a new
language, where would you begin?

Back when high quality sound reproduction was
a new idea and J. Gordon Holt was a staffer at
High Fidelity magazine, manufacturers and jour-
nalists alike depended on the simple technical
quality tests which everyone accepted as the yard-
sticks for performance. As the industry grew,
equipment got better, competition fiercer, and
technical reviewing became more crucial to sales
managers. Before long, J. Gordon began to realize
that reviewing was becoming more and more ac-
commodating, and where the reviewers con-
tinued to rely on the standard tests, the measure-
ment data began to look more and more alike.

Finally, in frustration, Holt left Great Barrington
and headed for home in Pennsylvania where he
founded Stereophile magazine in the spare room
of his mother's house. He became convinced that
although equipment tests and measurements
were important, they no longer accounted for the
differences he could hear. Two devices could
easily measure the same and yet sound quite
different.

Holt abhorred the tendency of the larger maga-
zines to depend almost entirely on measurements,
which he saw as a safe way to review without
disturbing the manufacturer with any bad news.
Not only that, he realized that not one of the US
audio publications was publishing reviews that
were critical of equipment. In fact, in some cases
they were ignoring some flaws.

However, if the reviewer wishes to review how
equipment sounds, he faces a severe problem.
Our sense of hearing has the smallest vocabulary
of any of our five senses. Thus, Gordon faced the
difficulty of describing sound differences with all
too few words with which to do it. He not only
had to invent the techniques and disciplines of

what has become known as "subjective review-
ing"” but also the language with which to do it.

Today. the magazine he founded has become a
major force in audio quality judgments around the
world. And almost all the vocabulary definitions
are his work.

Seldom will you have the opportunity to purchase
a reference work backed by so much primary
research and experience. Few reviewers have
spent more time and energy in an honest search
for a defined, factual account of what matters in
good sound reproduction techniques. In audio
equipment reviewing, J. Gordon Holt is not only
a pioneer but a master.

THE AUDIO GLOSSARY is the first publication
of not only a vocabulary for sound description.
but also a comprehensive overview of over 1,900
audio terms: technical and subjective. Your copy
is waiting—at your favorite dealer—or order direct
using the coupon below.

DEALER
INQUIRIES
INVITED

[] YES! Please send me The Audio Glossary!

TOTAL
_Softbound BKAA-7IS @ $9.95 S
_Hardbound w/ dust jacket BRAA-7H @ $17.95 $____
___Autographed Limited Edition BKAA-7/L @ $30 $____
Please add $2.00 shipping for first book, 75¢ each add'l $_____
TOTAL ORDER $_____

O CK/MO enclosed O MC [OVISA

NAME

STREET & NO.

cIty STATE ZIP
MC/VISA EXP.

OLD COLONY SOUND LAB

PO Box 243, Dept. E91
Peterborough, NH 03458-0243 usa

(603) 924-6371 | 924-6526

FAX: (603) 924-9467

Answering machine for credit card orders only: (603) 924-6371 before 9:00 a.m., after 4:00 p.m., and weekends.
Have information plus MC/VISA available.

e also available at your favorite audio dealer
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CIE Gives You The Training You Need to Succeed...

At Your Own Pace...& In Your Own Home!

Discover Your Career Potential In The
Fast-Growing Field Of High-Tech Electronics!

If you're anxious to get ahead ...and
build a real career...you owe it to
yourself to find out about the Cleveland
Institute of Electronics!

CIE can help you discover your
career potential in the fast growing
field of high-tech electronics. A career
that will chailenge and excite you
every day...reward you with a powerful
feeling of personal accomplishment. ..
and deliver a level of financial security
you may have only dreamed of before!

As the leading school in home-study
electronics, CIE has helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send for a CIE catalog TODAY!

A Growing Need For

= ‘ >
Sh_\vm - :-7
Automotive Flectronics

Trained Professionals!

The career opportunities shown here
are only a few of the challenging, high-
paying careers you could enjoy as an
electronics technician.

You could be the “brains” behind the
scenes of an exciting TV broadcast. ..
trouble-shoot life-saving medical equip-

ment...design exotic new aeronautics
systems...CIE's job-oriented programs

Military Electronics

offer you the quickest possible path to
the career of your dreams! And CIE also features
military and union re-training, to build on what
you already know.

Personal Training From A
Renowned Faculty.
P Unlike the impersonal approach of large class-
Dozens Of Fascinating ' room study, CIE offers you one-on-one instructional
Careers To Choose From! help 6 days a week, toil-free. Each CIE lessor is
Even if you aren't sure which career is best for  authored by an independent specialist, backed by
you, CIE can get you started with core lessons CIE instructors who work directly with you to
applicable to all areas of electronics. As you answer your questions and provide technical assis-
advance, CIE makes job opportunities available tance when you need it.
to you through the bimonthly school paper,

Send For Your
Catalog Today!

Practical Training...
At Your Own Pace.
Through CIE, you can train for your

new career while you keep your pres-
ent job. Each course allows a gener-
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.

“State-0f-The-Art”
Facilities & Equipment.

In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it's yours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional
In Electronics!

Every CIE course you take eams you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in

stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelor's Degree programs!

The Electron. .

r
| CIE World Headquarters

| Cleveland Institute of Electronics, Inc.
|

1776 East 17th St., Cleveland, Ohio 44114

O YES! Please send me your ingependent study catalog (For your convenience,

|
|
CIE will have a representative contact you— there is no obligation.) |
§‘>‘-§ & ] '
- Pithare —
‘é?' o Q}" ,,""'-zs v i _(_"‘.' <& H Addess Atk 1
& \ T & < § 3;-:— 2 FS‘" I
o’} & S £ T > City/State/Zip : —
N & & pFIE LT
Q e & FE TS O PN | Age Avea Code/Phone No S
v = 2 ~ o
' & & ‘;’f‘;f f \ I Check box for G.I. Bill bulltin on educational benefits: O Veteran O Active Duty {
e ¢°\ #'\\\ > - - d
& & & | Mail This Coupon Today! .c..; |
Ly -4
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TF | INDUSTRIAL QUALITY
EE’EKELVIN Blecione AT DISCOUNT PRICES

BREADBOARDS FOR LESS! | | Raal*AlUR UdalCeulul : SOLDERING EQUIPMENT
DURABLE - MADE OF THE HIGHEST QUALITY with 20MHz FREQUENCY COUNTER excelient for WELLER - \{E -
PLASTIC - DESIGNED TO WITHSTAND THOUSANDS | | COMPUTER, TV, VCR REPAIR and ENGINEERING. MARKSMAN
OF INSERTION CYCLES YOU CAN'T N SOLDERING GUN ? TS
: . ' P — Model SP23
' '; & ] ' GO WRONG! i N Featherweight 1-3/4 oz.. 25 watts for PC work. Ideal for
& @* : MONEY BACK i J rse'z:;ér:n omtg g-a;echgrsd_rtosget spots. Replaceable tip
. +
LT GUARANTEE! [} 810002 $855¢a $7.95ea (@)
Lol |, | - ifietesane
B | O CONTINUITY TESTER S IRON HOLDER
'y B 5 FREQUENCY RANGES | |_=- S Model PH60 %
3= O TRANSISTOR hFE TEST .- - gold\g;én% swgdzg«';mv?'gjgpspor;ge e "
- 5 CAPAC'TANCE RANGES : = or and 1rons wi arrel diameters
e Y 15:32°
Fig. Stock No. 33{‘,,'&"' cgg'? O LED TEST VERIFY 3 Stock No. Description YOUR COST 6+
A 4.25 WM20MHz FREQcounen m 810041 PH60Stand $13.78 ea $13.09 ea
680093 500 $4.25 ea [0 AC/DC VOLTAGE RANGES 810042 Replacement
B 680097 840 $5.95 ea M AC/DC CURRENT RANGES Sponge $189ea $180ea
C 680098 1380 $11.75 ea case- g 69 95 KESTER SOLDER
68G099 1580 $15.75 ea Durable. SES(!N consﬂsokosncs 1LB. ROLL
on-Lorrosive esin e
WIRE JUMPER KIT Back Stand | Stock No. 990092 Stock No. Inch Dia. GA. Type  YOURCOST
Use with Quidk test sockets and bus strips gno:%cﬂ\égoggnnsvgggﬂ ggggég 1 gg 83? S? gg/% 231925 ea
I A , t 4 / . 95e
Stock No.  Description Points YOUR COST OCK[INO €8 280007 116" 052 16 60/40  $8.95 ca
330290 350 Piece Set $7.75ea J30 DAY MONEY BACK GUARANTEE' 580011  3/32" 093 13 60/50 $11.75ea

KELVIN 100
Stock N
9900870 $23

AC/DC VOLTAGE

INDUSTRIAL

QUALITY WE STOCK

A COMPLETE LINE OF FUSES

YOUR COST FAST ACTING - SLO-BLO TYPE - PIGTAIL

83 $1 99 DC CURRENT
. RESISTANCE
$229. | || BTy vesr 3AG FUSE BLOCK
O LOW BATTERY Warning Black laminated phenolic 1 /2" wide

UCcunncv +/-0.5% 17/8 long. For 1/4" x 1 1
long fuses. Solder lug connecuons

Stock No. YOUR COST
380030 $ 45ea

T

¥YiIN 19

Stock No. $ 29
990090
AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE & BATTERY TEST
Low BATTERY Wwarning
ACCURACY +/- 0.5%
CONTINUITY TEST
TRANSISTOR CHECK

B 5 Digit Multifunction Dual Display .am
B Selectable Reading Rates & Resolutions

B True RMS AC Voitage, AC Current ségglagf - $ 39 95 | 30 DAY FUSE POST
@ .02% Baslc DC Voltage Accuracy AC/DC VOLTAGE MONEY BACK IR LG

B DC Current to 10A B RS-232 Interface AC/DC CURRENT GUARANTEE! Bayonet type. 2 3/16"L for 1/4" x 1 1/4”

RESISTANCE DIODE TEST fuses. 15 Ampere 250V. Panel hole
B Touch Hold, Relative & Min/Max LOW BATTERY Warning size 1/2* (12.7mm). Complete with

FUSE MOUNTING
BLOCK

Dual fuse block 2 1/4” x 17 long. Black
bakelite base. For 1/4"x 1 1/4" fuses.
Mounting centers 5/8 5 8mm
Stock No. RCO T//

380010 $ .62 ea "/
/%

StockNo. Model  YOUR COST §§§3§:§ﬁvn’fc‘s§j§;&z§sn CARRYING CASE StockNo.  YOUR COST
jOC| .
710035 45 $579. | CAPACITANCE CHECKER $4.95 en 380001 $.90 ea

KELVIN BRAND
HI-SPEED, HI-QUALITY
PRINTED CIRCUIT ETCHANT

Ready-to-use solution of ferric chioride

YOUR COST $2.95ea
pnnted circuit etchant in plasuc container.

CADMIUM SELENIDE Stock No.  SPECIAL BUY
PHOTO CELL 440017 $ 6.25 rergalion

450 ohms @ 2 ft., C minimum dark resistance 225 ohms KELVIN BRAND

Max voltage 170V peak. Peaks at 6300 angstroms. HI-SPEED DRY

No. 260017 YOUR COST $ .99 ea % PRINTED CIRCUIT ETCHANT \
‘ 7 Clean, safe, economical, indefinite shelf life.

SULPH'DE — 4 Ibs. will make 2 galions of recommended

LAPEL MICROPHONE

TIMER - LM555 Stock No. 850306

Stock No. 600021

20 ¢ cewan D11

L.E.D. RED (in100+Qty)
Stock No. 260020

L _6 Qea.

) 20% etching solution.
PHOTO CELL Stock No. YOUR COST NEW PRICE

TranSIstors (in100+ Qty) 15K ohms @ 2 ft., C minimum dark resistance 75 ohms. 440026 $8.40ea  $7.00/4lb bag
Max voltage 170V peak. Peaks at 5500 angstroms
2N2222 18 Q ea. No. 260018 YOUR COST § .99 ea KELVIN BRAND COPPER CLAD BOARD
08 SUB-MINIATURE Efé‘é‘u%’f‘g" PR gi‘zgs " unpum”?ldocl'fa %‘&%we
\PN2222 JO @ ea. MOMENTARY 440002 41/2'x6"  $155ea
Project BUZZER PUSH SWITCH b el $2.40¢ea

Silent action red push button molded housing 440015 81/2x121/2 $4'90 ea
Requires 1/4" panel hole. Overall lergth including solder lugs is 1°

& ETCH RESIST INK PENS
Zfé‘é‘i 1N1°5 v 'c‘l’ﬁ,, YOUR COST 100+ S
990002 Red $.35ea $ 28ea .

Black felt tip pen for making resist cucuns directly on PC boards.

6-9V DC, 80 dB
Stock No. 680089

$1.59ea $1.39/104ca.

/9V Battery Snap & Holder ' DSC MSCTOR ggﬁsbg Eaaﬂi'i:;’g“.&:}aéa;g;é’%;&‘ ng Soiution A cosT
1.5t0 6V tock No. Mode!| escription YOUR CO

Snap .15ea. .10ea/100+ Stock No. _ YOURCOST 200 240115 22-220 Draws 1/32" wide $1.48ea

|Ho|der 20 ea .10eas100+ 852211 $ .50ea $.45ea 440116 22-222 Draws 1/64" wide $1.85ea

Ts Call: 1 (800) 645-9212
s KEL VIN o 1(516) 3497620 (A

7 Fairchild Ave. Plainview, NY 11803 FAX:1(516) 349-7830
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WHEN ALL ELSE FAILS, LITIGATE

In a world where the achievement of peace seemed at last pos-
sible, and where, the communistic world has generally renounced
an economic ideology which was the basis for forty years of "cold
war,'" it is depressing to consider the spectacle of some of
America's largest technical companies engulfed in a orgy of legal
suits and countersuits. It would almost appear that since we can-
not engage in dropping atomic bombs on enemies, US high tech
companies, as an alternative, are attacking each other on grounds
of patent infringement.

Lotus Development is suing Borland International, Microsoft
and Apple Computer are suing each other over something many
people suspect they both originally borrowed, without permis-
sion or royalties, from Xerox. Intel and Advanced Micro Devices,
Motorola and Hitachi have been involved in suits.

I find it curious to reflect on the relative merits and shortcom-
ings of the economic systems of state capitalism and private
capitalism. The first lacks enough self interest (greed) to work
and the latter is now severely threatened by an overabundance
of the same commodity. We have been through a decade of loosen-
ing restraints on how private capitalistic enterprises function in
this country. On balance we find ourselves with a corrupted and
discredited banking system, a more and more heavily burdened
class of very poor and a growing class of super rich.

[ cannot refrain from noticing, since we are faced with a possi-
ble 23% increase in second class postal rates next February, that
we are still attempting to operate the US Postal Service with a
system of management thoroughly discredited by the USSR's
abandonment of state capitalism. I hope someone finally notices
it is impossible to run a business with a bureaucracy.

It is difficult to escape the conclusion that decisions about US
business are made purely on considerations of profit, nothing else.
The end result will be what we are already seeing, unbridled
agressiveness and greed. The people who use these companies’
products will not benefit from legal hassles, and if we realize that
a growing portion of what we pay for products must pay legal

and lawyer's fees, we ought not to be too happy about the situa-
tion. Lawyers are a lot like fire hydrants, necessary in emer-
gencies, but fire prevention is a better answer.

It is important to differentiate here between those who sue
in response to outright theft of ideas, and those who do so to
retain exclusive right to patents which by law ought to be shared
on some sort of royalty basis. If AT&T had refused to license
others to make transistors where would we be today? If Lotus
can keep exclusively for itself the ''look’’ of the spreadsheet
interface, then every spreadsheet user will be inconvenienced
merely to push profits at Lotus ever higher.

Anyone who lifts his or her head for a few minutes to survey
the world economic scene will realize that American businesses
could hardly pick a less appropriate time for fighting with each
other.

The situation now developing in our country has, classically,
bred revolution. I doubt we will have mobs in the streets,
although there are some cities where this has happened in our
recent memory. It is not outside the realm of possibility it could
happen again. But the more subtle and pervasive effect is a
general sense among most people of sad cynicism about business
generally, as well as deepening disenchantment with govern-
ment and politicians generally. And the level of helpless anger
seems to me more evident in more people every day. Agressive
rudeness seems more pervasive. Just note how many more peo-
ple are running red traffic lights.

I believe a large part of the economic ''slowdown,” that
euphemism we are using instead of talking about a recession,
is due to lack of confidence by the consumer. Times are bad
because people generally are discouraged, frightened or both.
That miasma is causing what we fear.

America has the strength and power to do wonderful things.
But we won't do them if the profit-oriented managers make all
the decisions. We won't do them if every person's goal is self
preservation. —E.T.D.
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I PROFESSIONAL CIRCUIT BOARD
DESIGN SYSTEM

American Small Business Computers
(ASBC) announced its EAGLE printed circuit
board design system at the fall COMDEX.
EAGLE (easily applicable graphics layout
editor) targets the PCB industry, enabling
design of custom PCBs from the schematic
stage to auto routing to the completed board
design.

EAGLE incorporates three major compo-
nent modules: Layout Editor, Auto Router,
and Schematics Editor. All modules share
the same database and operate within an in-
tegrated environment, so moving from one
to another never requires leaving the system
or booting a separate program. The Layout
Editor module contains library symbols for
designing the pre-production schematic
layout and the PCB. These symbols include
many 8- to 40-pin dual in-line packages
(DIPs), connection symbols, a surface mount
device (SMD) library, Zilog and PAL librar-
ies, an Intel library, standard IBM PC expan-
sion slot boards, capacitors, diodes, resistors,
potentiometers, and more. You can edit the
symbols and add others.

EAGLE comes standard with pop-up

I WAVEFORM WORKSTATION

The R4050 from Rapid Systems is a work-
station for creating, generating, and editing
waveforms. By using the program’s mouse,
you can translate mental waveform images
into signals without writing equations or typ-
ing in numbers. Editing real-world signals
from digital scopes and visualizing or pro-
cessing math functions are possible. The In-
tegrated Arbitrary Waveform Generator fea-
tures 12-bit resolution and 5SMHz output fre-
quency range. The system integrates the
power, flexibility, and cost of an AT with an
ARB and turnkey intuitive software.

The workstation includes the following ap-
plications: educational instruction, expert
systems, CAE software, AM/FM modulation,
power supply testing, rectified signals, noise,
stairstep waveforms, glitches, servo outputs,
telephone/communication waveforms, and
transducer simulation. Additional features
are continuous, sweep, and burst modes

ELEKTOR ELECTRONICS USA FEBRUARY 1991

menus, on-screen prompts, and side-bar
menus and the ability to modify practically
everything. Operation can be by mouse, key-
board abbreviations, or a combination of
both. You can write your own macros and
assign them to function keys.

EAGLE has an Undo/Redo function. Other
features include multiple grids on the same
drawing; 225 layers; ''graphical’’ Design
Rule Checking (not just a list); adjustable size
drillholes, vias, and pads; rubberbanding
and ratsnests; cut and paste; scalable output
with mirror and rotate; import and conver-
sion of netlists into script files; use of ex-
panded memory if available; continuous
coordinate display; and 64” x 64" drawing
area. EAGLE has WYSIWYG viewing of all
steps in the design process, and the zoom
capability is continuous and infinite.

The program requires IBM or compatible
with 640K RAM and a hard drive and sup-
ports EGA and VGA graphics (color and
monochrome), dot matrix and laser printers,
HPGL plotters and mice, and the Gerber
Photo-Plotter. All peripheral drivers are in-
cluded with the Layout Editor module.

Eagle is available for $399 without Auto
Router and for $699 with it. The Schematics
Editor costs $495. A demo copy costs $50,
with the price applied to future purchase.
The program comes with free technical sup-
port. For more information, contact Ameri-
can Small Business Computers, Inc., 327 S.
Mill St., Pryor, OK 74361, or (918) 825-4844,
FAX (918) 825-6359, or contact your local
dealer.

with external gate input; 16K waveform
memory; programmable amplitude to 10V
p-p; amplitude, phase, and DC offset control;
built-in waveform and equation library; and
integrated AT/EGA/40Meg computer.

The workstation sells for $4,995. Contact
Rapid Systems, Inc. at 433 N. 34thSt., Seat-
tle, WA 98103, (206) 547-8311, FAX (206)
548-0322.
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I ANSI CATALOG LISTS

SAFETY AND HEALTH STANDARDS
The American National Standards In-
stitute (ANSI) has released its 1990-91
Safety and Health Catalog at the National
Safety Council Congress and Exposition held
October 29-31 at the Las Vegas Convention
Center. Listing more than 1,150 approved
and revised standards to help safeguard con-
sumers and individuals in the workplace, the
catalog features standards in areas such as
agriculture, construction, consumer and rec-
reation, electrical devices and wiring, fire
protection, health, highway and traffic, nu-
clear, occupation safety, and security. Free
copies of the catalog can be obtained by call-
ing ANSI's Publications Department at (212}
642-4916.

I DesignCAD REVEALS
PROPOSED UPDATE FEATURES

At the fall COMDEX, DesignCAD released
features to be included in the DesignCAD
Macintosh update, scheduled for release by
the first quarter of 1991. Features include
more image-rendering and image-manipula-
tion options, increased speed and better
placement of menus, larger array of com-
mands, and continuing emphasis on trans-
portability to and from other file formats and
operating systems.

Increased image-rendering and manipula-
tion options include Phong and Gouraud
shading, transparent object rendering, and
the ability to alter the perspective of draw-
ings and to adjust the clipping distances of
objects. You can adjust the amount of ‘'gloss’’
in the reflection to improve specular reflec-
tion, and you can mark a specific region to
be rendered.

DesignCAD Macintosh is Apple/UNIX
compatible and has 2-D and 3-D CAD fea-
tures, including 32-bit floating-point accuracy
and complete dimension/annotation capabil-
ities. The 3-D features include built-in shad-
ing (with smooth shading and specular reflec-
tion using the Ray Casting technique), un-
precedented parametric surface construction
and modification, and Unified Parametric
Representation and real-time rotation. De-
signCAD Macintosh transfers drawings to
and from most common file formats, includ-
ing DXF, IGES, PostScript, PICT, and coor-
dinate files, plus DesignCAD MS-DOS files.

DesignCAD Macintosh is priced at $699.
It carries free technical support directly from
the manufacturer. Current users will be able
to update the program for $50. For more in-
formation, contact your local dealer or De-
signCAD, Inc., 327 S. Mill St., Pryor, OK
74361, (918) 825-4848, FAX (918) 825-6359.



I ACOUSTICAL SOCIETY
OF AMERICA MEETING
The 121st meeting of the Acoustical Society
of America will be held Monday through Fri-
day, April 29 to May 3, 1991 at the Omni In-
ner Harbor Hotel in Baltimore, Maryland. A
full program of sessions will be held every
morning and afternoon, Tuesday through Fri-
day, and a tutorial lecture on Monday even-
ing. Registration will begin Monday at 4 p.m.
For more information, contact Acoustical
Society of America, 500 Sunnyside Blvd.,
Woodbury, NY 11797, (516) 349-7800.

MICROMATH ANNOUNCES
EDUCATIONAL GRANT PROGRAM
MicroMath Scientific Software has an-
nounced a grant program for accredited
schools, colleges, and universities in the US.
When a school purchases four or more pro-
grams for its computer center, a ‘'buy one,
get one free'’ site licensing policy takes ef-
fect. This policy applies to all MicroMath
software: GRAPH, for scientific plotting and
data transformation; MINSQ, for curve fit-
ting and model development; EQUIL, for
solution chemistry equilibrium calculations;
LAPLACE _ for numerical inversion of
Laplace transforms; and RSTRIP, for polyex-

ponential curve stripping.

Interested schools are welcome to contact
MicroMath Scientific Software at (800)
942-MATH for further information.

I SWEEP/FUNCTION GENERATOR
OFFERS LAB CAPABILITIES

The B&K Precision Model 3022 Sweep/
Function Generator with five-digit frequency
counter has lab and service capabilities, in-
cluding TTL and CMOS pulse signal outputs
and sine, triangle, square wave, and ramp.
All have variable duty cycle. Operating
modes are sweep, AM, FM, and voltage con-
trolled generator.

The 3022 covers from 0.02Hz to 2MHz in
seven ranges. It has internal or external
sweep capability, with continuously adjust-
able sweep width to a maximum ratio of

I COUNTER/TIMER 1/0 BOARD
FOR PC/XT/AT INTERFACES
Analog Devices' RTI-827, a PC/XT/AT com-
patible counter/timer board, has five inde-
pendent 16-bit counter/timers and seven
digital input/output (I/O) channels. To allow
for direct connection to signal sources in in-
dustrial environments, the RTI-827 uses in-
put line receivers and high-current peri-
pheral output drivers. The counter/timers
can be programmed to operate indepen-
dently or simultaneously in applications re-
quiring frequency and period measurement
and event counting—and generation of
single, defined-count, and time proportional-
width pulses. These operations can be syn-
chronized or controlled by outside events
through external gating and triggering.
The RTI-287's interface input options al-
low it to be connected to +24V AC or DC
signals. It will measure frequency and count
events at rates up to SMHz (400kHz when
software-programmable debounce is en-
abled). Counter/timer outputs can be con-
figured for TTL or open collector. In the
open-collector mode, they can sink up to
300mA, connect directly to +35V DC, and

1,000:1. A sweep ramp output lets you syn-
chronize an oscilloscope for frequency re-
sponse measurements.

Separate outputs are available for TTL/
CMOS and other waveforms. For engineer-
ing applications, a variable DC offset simu-
lates a DC signal on the generator output. This
is useful for matching the DC voltage at the
signal input point and evaluating the effects
of DC bias on AC circuits and other tests.
Other features include variable duty cycle
with ratios to at least 1:20 and adjustable
sweep time from 0.5 to 30 seconds with se-
lectable linear or logarithmic operation. The
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easily drive relay coils, lamps, and other
high-current control devices. Interrupts oc-
cur when an internal counter reaches a pre-
set terminal count or when an external line
goes to its active state.

The RTI-827 is supported by DOS software
drivers for a variety of high-level languages:
Micresoft C and Borland International Turbo
C; Borland International Turbo Pascal; and
IBM Intepreted BASIC, Microsoft Inter-
preted, Compiled, and QuickBASIC.

The RTI-827 half-size counter/timer board
plugs into one PC/XT/AT slot and costs $325.
It is shipped with a 5% " or 3%2” utilities disk
containing I/O exercise routines and con-
figuration programs. For more information,
contact Lori Berenson, Analog Devices, Inc.,
One Technology Way, Norwood, MA 02062,
(617) 461-4125 for applications assistance.

TTL output provides a fast rise time pulse or
square-wave preset to TTL levels. CMOS out-
put pulses are variable from 5-15V.

The generator output can be amplitude or
frequency modulated by an internal 400Hz
sine wave or an external source. For AM, the
external signal can extend to 1MHz, while
FM operation accepts input of any audio
range signal to 20kHz. Both modulation ratio
and FM deviation are adjustable.

Sine-wave distortion is less than 1% from
0.02Hz to 100kHz with square-wave sym-
metry of better than 2% from 0.02Hz to
100kHz and triangle-wave linearity at 98%
to 100kHz and 95% at ZMHz. Output level
is adjustable from zero to -40dB; a 20dB
step attenuator extends the range from zero
to -60dB.

The built-in five-digit frequency counter
displays the output frequency of the gener-
ator or reads an external signal from 5Hz to
10MHz. The external counter has four table
gating times for resolution to 0.1Hz.

The Model 3022 has a suggested price of
$450 from local distributors. For mere infor-
mation, contact B&K Precision, Division of
Maxtec International Corp., 6470 W. Cort-
land St., Chicago, IL 60635, (312) 889-1448.
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MULTIFUNCTION MEASUREMENT
CARD FOR PCs

PART 2: CONSTRUCTION, ADJUSTMENT, SOFTWARE AND
PRACTICAL USE

Following last month’s formal description of the operation of the
measurement card, many of you will be keen on tackling the more
practical side of things. In this second and final instalment we
concentrate mostly on the construction, which is fairly easy, and on
the powerful, menu-driven control software package that brings the
card alive on your PC.

J. Ruffell COMPONENTS LIST

Reorienting

Having digested all the information on the
design and operation of the measurement
card presented in last month’s instalment,
we can now start to look at the construction
of the unit. As shown in the photograph of
our prototype, the printed-circuit board is
fitted with a support bracket of the type used
in PCs to secure insertion cards to a frame at
the rear side of the computer. The PCB ac-
commodates four connectors used for the
various types of measurement. The upper
two connectors, K1 and K3, are for the anal-
ogue measurements, while the lower one,
K2, forms the protected digital input for fre-
quency and pulse measurements. The other
digital inputs are provided on connector Ke,
which is located next to the two PPls (8255s)
on the left-hand part of the PCB. Between
connectors K2 and K3 we find LED D4, an in-
dicator which that lights during the gate
time when measurements are carried out on
digital signals.

The lower edge of the PCB has the famil-
iar PC extension bus connector, which con-
sists of gold-plated contact fingers. To the
top, at the right, we find the three multiturn
presets, P1, P2 and P3, and switch 51. As will
be detailed later, these components play an
important role in the adjustment of the card.
During the adjustment, the switch is used to
generate two calibration signals. The two
PCB solder pins to the right of P3 (marked
‘adj.’) form an adjust output, which is used
during the alignment of the ADC only.

Building the card

The track layouts and the component
mounting plan of the printed-circuit board
are given in Fig. 3. As a matter of course, this
PCB is double-sided and through-plated.
Having noted that the PC bus extension con-
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MULTIFUNCTION MEASUREMENT CARD FOR PCs

nector is gold-plated for optimum contact
with the slot connector in the PC, you will
agree that is hard, if not impossible, to pro-
duce this PCB yourself and match the quality
of the one supplied ready-made.

It is recommended to use thin solder tin,
and a low-power solder bit with a very fine
tip. Those of you confident of their soldering
skills may want to do without IC sockets in
the analogue section of the circuit (the anal-
ogue section essentially consists of the ADC,
the two multiplexers and the three associ-
ated opamps). In practice, it is often found
that soldered connections are better than (in-
expensive) IC sockets, which tend to develop
bad contacts. If you are hesitant about solde-
ring the (fairly expensive) components in the
analogue section, consider the use of IC soc-
kets with turned pins.

Overall, the construction of the card is
simple and straightforward if you follow the
parts list and the component overlay printed
in white on the PCB. One area that deserves
special attention, though, is the decoupling
of the ADC chip. To enable the ADC to
achieve the specified accuracy, it requires
decoupling capacitors that are fitted as close
as possible to the IC. If the decoupling is in-
adequate, a number of the lower significant
bits are notstable, making the measurements
unreliable. From the PCB layout it is seen
that the ADC chip is fitted with three sur-
face-mount assembly (SMA) decoupling ca-
pacitors, C44, C45 and C46, which can be
mounted very close to the IC because they
have no leads. It should noted that Ca4 is
mounted only when the -A type ADC is
used. A further decoupling capacitor, C47, is
a tantalum bead type mounted at the solder
side (i.e., the non-component side) of the )
board. - =281 fav===1\|

The special decoupling of the ADC, I_FODOOO;OO!O: 'Pb <3l
together with the filter function of the soft- | ;99?99;99,'9: d v
ware, ensures that the measurement results ‘ w 0 P :
are degraded only by the *1-bit error of the - -y '
LSB (least-significant bit). As discussed last
month, this error occurs in all analogue-to-
digital conversion processes, and can not be
eliminated.

The final accuracy of the frequency meas-
urement is basically achieved by the soft-
ware, which has a filter function that builds
the actual measurement value from up to a
thousand measurement results obtained
from very fast sampling. By evaluating all
these measurement results, the software is
capable of eliminating errors caused by, say,
a small spike, or random interference.

Jumpers JP2 to JP8 need not be fitted as
yet, because the software will also function
without hardware interrupts implemented.
As detailed last month, jumper JP1 sets the
base address of the card. Install it as re-
quired, with reference to Table 1.

Jumper JP9 must be set to position C
when the on-board 10-MHz oscillator is
used. Position D is used when an external
reference oscillator is connected. The func-
tion and use of jumper JP10is discussed later
in connection with the adjustment of the
ADC.

Depending on the desired measurement Fig. 3a. Component overlay of the double-sided, through-plated printed circuit board.
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E COMPUTERS AND MICROPROCESSORS
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Fig. 3b. Track layout (mirror image) of the component side of the board.
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range on multiplex channels 11 to 17, you
must dimension resistors Re io Ri1¢ yourself.
To prevent measurement errors caused by
large ground currents, these resistors prefer-
ably take high values. For the same reason,
do not load the +8 V reterence voltage on
connector K3. As indicated in the circuit di-
agram, the junction of each potential divider
may be decoupled for alternating voltages
with the aid of a capacitor (C33 to C39).

Software

Inall fairness, a piece of high-tech electronics
like the PC measurement card is of little use
when you have no software to control it
properly. Fortunately, such software exists,
and is available in a ready-to-go state on a
diskette for all PC-XT/AT M5-DOS compu-
ters.

The control program developed for the
measurement card has been writtenin Turbo
Pascal, and uses a large number of coloured
menus to show the various measurement re-
sults. The software is uncritical as regards
the type of PC, and can be used with video
adapters such as the Hercules, EGA and
VGA (not with the CGA). The software for
the prototype card was written and success-
fully tested on a PC-AT with a hard disk,
640 kB of memory, MS-DOS version 3.2, and
anEGA video card. A hard disk is not strictly
required for the software to be used, but it
does offer the additional comfort of faster
switching between parts of the program.

If you have a hard disk, create a subdirec-
tory for the measurenient card, and copy all
the files from the distribution floppy disk
into this subdirectory. If you do not have a
hard disk, make a working copy of the dis-
tribution disk, and store the latter safely for
use as a back-up. Make sure that the working
copy is not write-prorecied.

The diskette supplied for the project has
two .EXE files: PCV.EXE, which starts the
voltmeter program, and PCF.EXE, which
starts the program for time-related measure-
ments. Also on the disk area number of con-
figuration files used by the two programs.

Before using PCV.EXE or PCF.EXE, make
sure that the configuration contained in
ADCF.CFG is correct. If you inspect this file,
you will find that the defaults are:



- baseaddress: $0300
- reference frequency: 10 MHz,

on-board XTO
- maximum gate time: 410s
- full-scale voltage: 25V

In most cases, the default settings allow PCF
and PCV to be used straight away, unless
you require a change in the base address. If
necessary, edit the ADCF.CFG configuration
file with the aid of a (simple) word processor
such as EDLIN, PCTools, Norton or Side-
Kick.

PCV, the PC-controlled
Voltmeter

After fitting the card in the PC, leave the
cover open as yet to provide access to the
three multiturn presets. Run PCV, and check
that the main menu appears (see Fig. 4). If
the program reports that the card is not
found, you have a problem. Not to worry,
though: check for the correct base address in
software (the configuration file) and in hard-
ware (jumper JP1). If this is all right, a section
of the hardware may not function properly,
or the card causes an address conflict in the
PC. Investigate and rectify the problem be-
fore proceeding.

Once you are looking at the main menu,
you may confidently embark on the adjust-
ment of the card. The adjustment procedure
effectively matches the software to the hard-
ware, ruling out the effect of component
tolerances on the measurement results.

Adjust
Start by selecting the ‘Adjust’ option from
the main menu. The information presented
by this option, shown in Fig. 5, is clear and
allows the ADC on the card to be calibrated
quickly and efficiently. As already men-
" tioned in part 1 of this article, channel I1 is
used for the calibration of the ADC. There-
fore, do not forget to disconnect R19, and fit
Ri8 (or, if applicable, a wire link) on the PCB.
The program then performs the adjust rou-
tine and provides all the instructions and
help you need to achieve satisfactory results.

Learn

On completion of the Adjust’ routine, return
to the main menu. From there, select the
‘Learn’ option to calibrate the attenuators on
the eight analogue inputs. The ‘Learn’ rou-
tine allows you to tell the program which at-
tenuation is applicable at the inputs of the
various analogue channels. The software
automatically eliminates the tolerances in
the ladder attenuators, and offers a number
of options that allow you to select the anal-
ogue channel of which the transfer function
(i.e., the attenuation) is to be ‘learned’. As
long as inputs I1 to I7 are not connected to
additional attenuators, their maximum
input voltage range is £2.5 V at a conversion
factor of 1. Nonetheless, these inputs need to
be calibrated to enable the program to be in-
itialised.

MULTIFUNCTION MEASUREMENT CARD FOR PCs
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Fig. 3c. Track layout (mirror image) of the solder side of the board.
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The calibration is equally important on
channel 0, since the passive attenuator used
here may give rise to measurement errors.
That is why the program calculates the exact
attenuation for each attenuator position. The
switching between the attenuation factors is
performed by multiplexer ICi2. Attenuator
position ‘0" corresponds to a measurement
range in which voltages up to 0.1 V can be
measured. The highest measurement range,
300 V, is selected by position 7’. All posi-
tions between ‘1’ and ‘7' must be calibrated
one by one in the ‘Learn’ routine.

Since the results of the calibration are
stored in a file, the software is capable of ac-
curately determining the values of the input
voltages every time it is used. If the attenua-
tion changes after a while owing to ageing
effects, the correction factors may be up-
dated simply by running the ‘Learn’ routine.
A further advantage of the software-control-
led calibration is that the actual attenuator
can be kept relatively simple, and based on
resistor values from the E96 series.

The ‘Learn’ option is relatively simple to
use. Connect a test voltage of abour haif the
maximum value to the relevant analogue
input. Monitor this voltage with an accurate
digital voltmeter (DVM). Select the “Edit’ op-
tion to open a small window in which the
value of the input voltage is entered (see
Fig. 6). This input voltage is read from the
DVM. Next, the software computes the con-
version factor and the maximum input volt-
age that may be applied to the input in this
range before the ADC starts to produce over-
flows. Overflows must not occur until the
input voltage exceeds the maximum level
defined for the particular range. If the maxi-
mum measurement value is not reached in a
particular range, the relevant resistor in the
attenuator must be made a little smaller. If
this is not done, the maximum level can
never be measured, making it impossible for
the autoranging function to work properly
(remember, the software does not select the
next higher range until the maximum level
in the currently used range is exceeded).

Update

When all measurement ranges (and chan-
nels) have been calibrated, the conversion
factors may be written to a file on disk. This
is accomplished automatically on selection
of the "Update’ function. The conversion fac-

tors are stored in a file called RATIO.CFG for
use by the program when this is started.
After this calibration procedure, the card
is ready for use. It is recommended to store
the different .CFG files on a separate diskette
for use as back-ups when, for some reason or
other, the files on the hard disk or the work-
ing copy of the floppy disk, are lost or cor-
rupted (which would force you to go
through the calibration routine again).

PCV

To start the PC Voltmeter, simply select the
option ‘PCV’ from the main menu. Theresult
is shown in Fig. 7: the measured value is dis-
played in the form of large numbers on the
screen. Below the voltage indication is a bar-
graph showing a corresponding value. The

i associated menu allows a number of pref-

erences to be set. For example, the ‘Sound’
option enables a short beep to be produced
when an overflow occurs. The optional filter
function uses an algorithm to produce an
average measurement value on the basis of a
large number of measurements, thus reduc-
ing the risk of errors to a minimum.

Adjust the 12-bit ADC

 uao Elektor Electronics hhk
t

=

#%% Copyright {C) -» 1990 ##%

*%% ESS: 146 (1, 2, 3, 4) ##*+

Pcv
Learn
Adjust
Quit

I E J >> V1.0/JR <<

900124 - 11+ 11

Fig. 4.

Screendump of the PCV main menu.

Adjust the 12-bit ADC

#%% Elektor Electronics ek

*#%* Copyright (C) =-> 1990 ###%

* ESS: 146 (1, 2, 3, 4) **+*

meter reads exactly 0.61 mV.

ADC ADJUST:

Offset must be adjusted before full-scale error.
is achieved by applying an analogue input of 0.61 mV. So
switch S1 to position "H" and adjust P3 until the volt-

Now adjust Pl until the ADC output code flickers between
I1000 0000 0000 and 1000 0000 0001.

lPress ENTER or click left mouse button to continue.

This

=
|
|
|
-

ADC OUTP
1000 0000 0000

——
900124 <1t - 12

Fig. 5.
tion procedure for the ADC.
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On selecting the ‘Adjust’ option from the above menu, you enter a guided calibra-



MULTIFUNCTION MEASUREMENT CARD FOR PCs m

ready mentioned in part 1 of this article, the
available measurements are very accurate,
covering the basic signal parameters fre-
All ratios specified! quency, period time, pulse/pause (on/off)
ratio, and pulse time.

The program PCF.EXE does it all. Like
PCV, it is user-friendly and features menus
as well as windows for the measurement re-
sults. The menu allows you to select fre-
quency measurement, event count, period
time, duty cycle, or pulse time of the input
signal. The screen shows the most recent re-
sults obtained from a measurement. These
results are not updated until the relevant
measurement is performed again. To keep

*** Elektor Electronics rEK

ANALOG STATUS

Analog channel : [}

Range number H 0

Range (%) : 308.982 V
Transfer ratio : 123.593 *
Voltages

ADC H 0.000 V
Measured : 0.000 V
Applied

>>>> 150.00 v

CONTROL : : .
C-Channel R-Range number E-Edit U-Update A-Abort you informed about whatis belng rr}easured,
the current type of measurement is under-
lined.
900124+ 11-13

The event count and pulse time measure-
ment each offer two submenus which allow
the trigger edge and the on or off time to be
selected respectively. The desired input
Fig. 6. The ‘Learn’ sub-menu of PCV is used to calibrate the ladder attenuator on the card.  channel is also selected via a submenu.
During the measurements, the measure-

The ‘Channel’ function enables you to se-

lect the channel of which the measurement
results are shown in the large window.
Finally, a maximum input voltage level

may be defined individually for each chan- T:(s:zre
nel. A screen indication is provided when Channel

. q o q q Limits [}
this value is exceeded. This indication takes Chscan 1 |=———————Personal Computer Voltmeter
the form of an exclamation mark (!) in the coirer | 3 JuEKToR o Cot o
eight small windows at the bottom of the pain 4 Chan 0 Filter -
screen, a short beep, and a special ‘Check- 6 CheckLim o

el 8 ] ] ] 7 [ ] Limits +
Lim’ indicator in the large window. L 5.00 Vv

I >> Holding! 1.00 VvV
Quit
When the ‘Quit’ option is selected, the most Lo,
recent settings are stored in the file » & B 9 0 B G 7 0 6 W "
PCV.CFG. These settings are called up auto- Bargraptimultipliar: ohol
matlcally by PCV When the program L Chan 0 ! Chan 1 Chan 2 Chan 3 Chan 4 Chan 5 Chan 6 Chan 7
started. 0.0 mv 0.00 V 0.00 V 0.00V . 0.00V 0.00 V 0.00 V 0.0V
900124 -1 - 14

PCF, the PC-controlled
Frequency/Pulse Meter

The PCF.EXE program s used foralltime-re-  Fig. 7. The PCV in action. The display shows a large voltmeter indication as well as a
lated measurements on digital signals. Asal-  bargraph read-out.

ment window indicates the current channel
and the lapsed gate time. The latter indica-
tion is particularly useful for measurements
involving relatively long gate times. When
Measure frequency, period time, duty cycle and pulse time an option is selected that requires additional
Channel information to be entered via a submenu (for

Event count . , . .
Frequency #** Elektor Electronics ### instance, the ‘Channel option which takes
gizrgygi’:e ":,,“g‘s'gf"'l'is‘f{";f??ﬂ;”,,, the channel number in this way) the meas-
Pulse time urement window shows the indication
Quit ‘Waiting for instructions!’. The relevant
measurement does not start until you have
LOSNER LT CTENE) CRRALTs >> V1.0/0R << entered the requested additional informa-

>> Measuring high level pulse time. tion.

Event count 0.00232 Hz 429.496 s 50.0 § 429.496 s 429.496 s The last menu option, ‘Chain’, provides
o an ‘all-in-one’ type of measurement, return-
ing values on frequency, duty cycle, period
TR time and pulse time (pulse ‘on’ as well as
pulse ‘off’). Since it has little meaning in the
case of continuous signals, the event count
function is excluded from the ‘Chain’ meas-
urement, which, without doubt, is a good
Fig. 8. The PCF function of the software is used for all time-related measurements. starting point for most measurements. @
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PHONES IN THE AIR| _

Telephones for use on board aircraft, <o
employing satellite systems around the globe,
must be the ultimate in mobile phone use.

What was once considered to be feasible only

in the realms of Gerry and Sylvia’s puppetry is

now common practice thanks to technological
advances in the last few years.

Bill Higgins

A number of systems are currently being

planned to provide telephone com-
munication from aircraft for use via satel-
lites to anywhere with telephone contact.
One such system that is currently being
launched is called ‘Skyphone’.

What is Skyphone?

Skyphone is a telephone service provided by
a consortium formed by British Telecom In-
ternational, Norwegian Telecom and Singa-
pore Telecom. It can be used in passenger
airliners and private jets. Calls can be in-
itiated in either direction. i.e.. air to ground
transmission or ground to air transmission.
Inmarsat satellites are used to afford cover- [ _ | o o .|
age around the world, from aircraft in flight.  Table 1. Positions and usage of satellites employed for airborne telephone services.

-

e

,\

Y

x
:1 ‘\lj\ o
Y
SATELLITE COVERAGE MAP 910015 - 12

Fig. 1. Map showing Skyphone service coverage based on 0° and 5° angles of aircraft elevation at ground level. {source: British Telecom).
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Table 2. The three earth regions, Atlantic,
Ocean, Pacific Ocean and Indian Ocean are
served by different ground stations.

Technical considerations

Signals from the system on board aircraft are
relayed via an Inmarsat satellite in geosta-
tionary orbit, to a Ground Station for con-
nection by the appropriate land based
telecommunications company.

Satellites

Inmarsat uses geostationary satellites in
three geographical regions of the Atlantic,
Pacific and Indian Oceans. For each region,
a working pair, known as a dual, and one
spare satellite are employed. Table 1 lists
the nine satellites that are used.

Ground stations

Connection to the ground network is via
Ground Stations within each satellite region,
as shown in Table 2. The uplink/downlink
division and frequency band used in the
aeronautical satellite system are given in
Table 3.

Within the Atlantic Ocean Region
{AOR), calls are routed by British Telecom
International via their Ground Station at
Goonhilly. British Telecom’s Skyphone
ground network is shown schematically in
Fig. 3. The station at Goonhilly houses
equipment that separates telephone signals,
including routeing and billing signals, from
the SHF link via the satellite. Links to Lon-
don are normally in digital form to tie into
the International Digital Switching Equip-
ment (IDSE). Air traffic controls are linked
directly to voice and data channel equip-
ment at Goonhilly.

As might be expected, operator and cus-
tomer services are linked to both Goonhilly
and IDSE in London. A voice coding rate of
9.6 KBit/s is used for passenger and oper-
ational services.

Similar setups are provided by Norwegi-
an Telecom using their Ground Station at
Eik to serve the Indian Ocean Region (IOR),
and by Singapore Telecom using Sentosa
Ground Station to serve the Pacific Ocean
Region (POR).

Equipment on board aircraft

Airborne equipment is manufactured by a
number of companies, mainly within the UK
and USA. Table 4 lists equipment along
with manufacturer and locations.

PHONES IN THE AIR a

Blade antenna

Tail-mounted antenna

Low-profile plate antenna

Mechanically steered antenna

Conformal side-mounted
antenna

910015 - 11

Fig. 2.

Antennas

Various designs of antenna are available to
be connected to the outside of aircraft. Each
design has its own characteristics including
scan coverage patterns of five types of an-
tenna (see Fig. 2).

WorldRadioHistory

Some currently available antenna options for aircraft. (source: Racal Avionics).

Blade antenna

This type normally has high gain (12 dBi)
with narrow beam width. It is used on a
number of wide body aircraft such as the
Boeing 747.

Tail-mounted antenna

Basically, this is a customized version of the

ELEKTOR ELECTRONICS USA FEBRUARY 1991
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blade antenna. It is sited on top of the air-
craft vertical stabilizer. The tail-mounted
antenna is currently used on Gulfstream-2,
-3, and -4 series of aircraft. Plans for its use
on the Falcon 900 are under way, and it
could be used on Lockheed L-1011 Tristar
and other three-engined aircraft.
Low-profile plate antenna

This type is top-mounted and consists of 32
identical elements of about 3!%-inch long
placed in a rectangular grid of 8 elements
long by 4 elements wide, enclosed in an
aerodynamically shaped radome.
Mechanically steered antenna

This is a high-gain single-helix antenna that
is situated on a pedestal. Coverage is about
360° azimuth and +90° to —30° elevation by
means of an avionic signalling control sys-
tem. Pedestal and antenna are both enclosed
in an aerodynamically designed radome.
Conformal side-mounted antenna

This antenna is mounted on two sides of the
aircraft fuselage to conform to its contours.

Table 3. Frequency and radic band assignment for the uplinks and downlinks.

Ring off

Things are happening at a fast pace in the de-
velopment of services for passengers in air-
craft. This article, although only an
introduction to the operation of a complex
system, may well be of use to readers, either
as possible users of telephone equipment on
board aircraft, or as people that may be in-
volved in future designs and manufacture of

Table 4. Overview of UK- and USA-based manufacturers engaged in the production of

airborne telephone equipment.

systems and components.

&

.nternational
telecommunications

UK national

Operator &
customer
services

e

netwark
network
EIK. Norway / Digital B -
- transmission -
International l Voice &
| digital data RF S
switching [ channel equipment 1 :l;
@ equipment equipment Main
5 aerial
AN LONDON I /
Signalling &
_7 Public or channrelcontrol 2
SENTOSA. private
Singapore links Standby
aerial
Airline / Data Test
private recording facilities
networks / GOONHILLY
&7 S,
© % ATC
‘I/' Credit card companies
- Operatians control Airlines Sg:z%
- Martenance control Busingss \
- Fight services Arcrall I I Inmarsat

- Passenger information

910015- 13

Fig. 3. Structure of the Skyphone ground network. (source: British Telecom).
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MEASUREMENT TECHNIQUES (4)

by F.P. Zantis

This month's instalment deals with a very important
measurement: that of resistance. This measurement is important
not only in faultfinding, but also in design and development. It is,

unfortunately, not possible to deal with the gamut of methods
available: only the most common ones will be discussed

IRTUALLY all multimeters have sev-

eral ranges for measuring ohmic (also
called true or d.c.) resistance. The battery pro-
vided in analogue types is there for one pur-
pose only: the measurement of resistance. The
two most common methods of measurement
use either a constant-voltage source or a
constant-current source.

from right to left, that is, “0” is at the right-
hand side of the scale—see Fig. 24. It should
be noted that accurate measurements are
only possible over the right-hand half or
three-quarter of the scale.

The basic circuit for this method of mea-
surement is shown in Fig. 25. The “0” value
(meter terminals short-circuited) is set with

4888

\ /5 2 r‘ 2 }-1 display or moving
0@%9 & ‘P\ /g coll meter
\\\\ 7/ /o J

constant - current —p\
source measu-
rand

—3

N
9001134V-13

Fig. 24. An analogue meter becomes difficult to
read at the left-hand side of the scale.

Fig. 26. Basic circuit for constant-current mea-
surements.

the aid of the potentiometer. This obviates
any circuit properties affecting subsequent
measurements.

The fundamental circuit for constant-cur-
rent measurements is shown in Fig. 26. Inthis
method, a constant current, /., is passed
through the component undertest and the con-
sequent voltage, U,, across it is the basis of

In the first, a constant voltage, U,, is ap-
plied across the component under test: the
resulting current, /,, is used as the basis of
the resistance measurement: /.= U /Ry, where
R, is the resistance of the component under
test. Since /, is inversely proportional to Ry,
a separate scale is required, which is cali-
brated in ohms (or multiples thereof) and runs

the resistance measurement: U,=/.R,. Note
that in this method U, is directly propor-
tional to the resistance. A separate scale is,
therefore, not required. Moreover, the scale
division is more linear, so that the values of
resistance may be read fairly accurately over
the entire scale.

Small or large resistance values cannot
be measured accurately with either of these
methods. A Wheatstone bridge or a com-
parison method must be used for these.

Component testing with an
ohmmeter

Most ohmmeters may be used for testing semi-
conductors, provided that the potential at
the test terminals is sufficiently high. A
diode has a very large resistance whenthe test
leads are connected across it in one way and
a much smaller one, depending on the type
of diode, when the test leads are reversed.
In the first case, the diode is reverse-biased
andin the other, forward-biased. The forward-
bias resistance of point-contact diodes is
considerably higher than that of junction
diodes. Measurements of this nature indi-
cate only whether the diode is functional or
defect: other than that, they do not show
how the diode will behave in a circuit.
Testing of transistors must be done in six
stages—see Fig. 27. The resistance between
emitter and collector is high in both direc-
tions. That between base and collectororemit-

di

high - imped
reading

JB@
r@j e ometer

Potentiometer

|
T

—
A

9001134V-12

high -impedance
reading

~tolow-
impedance reading

DRI

high -impedance
reading

medium - to low -
impedance reading

9001134v-14

Fig. 25. Basic circuit for constant-voltage mea-
surements.
WorldRadioHistory

Fig. 27. Testing a transistor with an ohmmeter requires six measurements.

ELEKTOR ELECTRONICS USA FEBRUARY 1991



m TEST & MEASUREMENT

oscilloscope

alternating -
voltage source

item
under
lest

shunt

channel Y1

9001134v-15b

Fig. 28. Component tester: (left) test set-up and (right) incorporated in an oscilloscope.

ter is small in one direction and large in the
other. The measured values depend on the ap-
plied voltage and current, as well as on the
ambient temperature. It is thus not possible
to measure absolute values, but short-circuits
and open-circuits are, of course, indicated.
When transistors are tested in-circuit in this
manner, the effect of surrounding components
must, of course, be taken into account. For
more accurate measurements, the transistor
should be removed from the circuit.

Component tester

On the basis of the foregoing, special com-
ponent testers for use with, or incorporation
in, oscilloscopes have been developed as
shown in Fig. 28. The basic circuit of the tester
is fairly simple: a low alternating voltage,
drawn for instance from amains transformer,
is used as the supply for the series network
of component under test and shunt resistor.
The alternating voltage is used as the hori-
zontal time-base, while the potential drop
across the shunt resistor is used for the ver-
tical deflection of the electron beam. When
the component tester is in use, the internal
time-base of the oscilloscope is, of course,
switched off.

The voltage drop across the shunt resis-
tor determines the current through the com-
ponent under test. The screen of the oscillo-
scope shows the /U characteristic (U in hori-
tonzal direction), and thus the resistance
curve of the component under test. No ref-
erence is provided, so that the trace only
shows the relative resistance of the compo-
nent under test.

Since the component tester is so simple,
it is possible to use it with, or build it into,
any oscilloscope whose time-base can be
switched off and which has an additional X-
input available.

Note that since the earth potential must
be at the centre between component under
test and shunt resistor, the current trace is
inverted. In a number of oscilloscopes, the
Y-channel can, however, be inverted, so that

ELEKTOR ELECTRONICS USA FEBRUARY 1991

traces of single
components

traces of single
transistors

| .E) .F)

o

traces of
single diodes

traces of semiconductors
on the circuit

N) .0)
p) .0) I
| ES)

9001134v-16

~ g

Fig. 29. Traces obtained from measurements with a component tester: A) test terminals short-
circuited; B) true resistance; C) inductor; D) capacitor; E) base-collector junction of a transistor;
F) base-emitter junction of a transistor; G) emitter-collector junction of a transistor; H) zener
diode whose zener voltage is lower than the maximum test voltage; 1) zener diode whose zener
voltage is higher than the maximum test voltage; J) silicon diode; K) germanium diode; L) recti-
fier; M) thyristor whose gate is connected to its anode; N) parallel network of diode and resistor;
0) two diodes connected in anti-parallel; P) series network of diode and resistor; Q) resistor in
parallel with the base-emitter junction of a transistor; R) parallel network of resistor, capacitor
and base-emitter junction of a transistor; S) diode and capacitor connected in parallel.
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a correct trace is obtained.

There must be no voltage across the cir-
cuit or component under test, otherwise the
measurement becomes meaningless.

Correctly interpreting the trace requires
some practice, particularly when the mea-
surement is carried out on a circuit.

If the component under test is a true re-
sistance, there is no phase shift between the
two deflection voltages and the trace is a
straight line. The tilt of the line is a measure
of the resistance: when this is 0, the trace is
upright, when it is oo, the trace is horizontal.

Measurement of impedance

The component tester may also be used to
determine impedance values. Capacitors and
inductors cause a phase shift between the volt-
age across, and the current through, them, and
thus between the deflection voltages. This
gives rise to elliptical traces, the height and
width of which are typical of the impedance
of the component under test—see Fig. 29.
Exact measurements are possible only if the
relation between the horizontal and vertical
deflection voltages is known. The vertical de-
flection is calibrated on all oscilloscopes.
When the set value is divided by the value
of the shunt resistance, the deflection on the
screen is in A/div or mA/div. The X-deflec-
tion is often not calibrated, but the voltage
at the relevant input may be measured fairly
easily by switching off the time base and
setting the trace exactly in the centre of the
screen. Then deflect the trace to the nearest
graticule division by applying a voltage to the
X-input. The level of that voltage gives the
value V/div. Once this has been determined,
the values of voltage and current can be read
directly from the traced characteristic.
Impedances may, of course, also be mea-
sured without the use of an oscilliscope and
component tester. A sine-wave generator and
an instrument that can process frequencies
are then required. The component under test
is connected to the generator, after which
the voltage across it, and the current through
it, may be measured. The impedance, Z, isde-
termined from the relation Z = U / I. The
true resistance must be deducted from the
obtained value to arrive at the value of the
reactance, X. In view of the phase shifts,
however, this must be done geometrically,
that is, X2 = Z2 — R2. The values of reac-
tance and impedance are valid only at the

frequency of the test signal.
The reactance, X1, of an inductor is

XL = oL =2nfL,
whence,
L=X/2nf

The reactance and value of a capacitor
are calculated in a similar manner

Xc=1/0C,
and

C=I/O)XC=I/21T,fXC.

Measuring the supply voltage

One of the most frequent measurements is
checking the supply voitage of anequipment.
Moreover, preliminary tests indesignand de-
velopment aim at deciding whether a given
voltage- or current-source is suitable for the
project inhand. Most supplies can be checked
with three or four measurements of: e.m.f.;
short-circuit current; internal resistance, R;;
and, in the case of a d.c. source, the hum
voltage, U},. Most voltage sources provide a
direct voltage or an alternating voltage with
a frequency of 50 Hz. Both of these may be
measured with a multimeter without any
problem.

To measure the e.m.f., it is imperative
that the source is not loaded: if the output
impedance of the source is not particularly
high, the input resistance of the multimeter
may be ignored.

Measuring the short-circuit current is in
many cases not recommended. It is better to
determine the internal resistance, which in
most cases will enable the short-circuit cur-
rent to be calculated.

Measuring the internal resistance of a
home-made regulated supply can be very re-
vealing: for one thing, it shows how good
the supply really is. A pretty good and sim-
ple way of determining R; is possitle with
the circuit shown in Fig. 30. The source is
loaded with a variable resistor that is set to a
position where exactly half the e.m.f. is dropped
across it. The drop across R; must then be the
same, which means that the internal resistance
must have the same value as that presented
by the variable resistance. Note that this

MEASUREMENT TECHNIQUES [4] E

method is not suitable when the value of R;
isrelatively high, because the current may then
becomerelatively large. The method is, how-
ever suitable for determining the input and
output resistance of an electronic circuit.
The simplest way of determining the in-
ternal resistance of a voltage source is as
follows and requires knowing two operat-
ing points. The first of these may be the
e.m.f., U,. The second may be determined
by loading the source with a resistance, R,
whose value must cause the output voltage
to be appreciably lower than the e.m.f. The
internal resistance is then calculated from:

Ri=(Uo-Up /WU /R)=R\(Uy-Up /U,

If, for example, the e.m.f. of an a.c. source
is 25.2 V and the output voltage drops to
23.5 V when a load of 5.6 Q is connected
across the output, the value of the internal
resistance is:

R;=5.6(252-23.5)/235=041Q.

Note that the output current is then 4.2 A:
this value must be lower than the maximum
output current before current limiting sets
in. As soon as current limiting takes place,
the internal resistance rises rapidly, which
invalidates the measurement.

Compensating method of

measurement

The smaller the internal resistance of a volt-
age source, the better regulated the output
voltage. Electronically stabilized power sup-
ply units have a very small internal resistance,
provided the maximum output current is not
exceeded. Such small resistances cannot be
measured by the methods described so far,
at least not with any degree of accuracy.
They can be measured accurately by the so-
called compensating method, which requires
some care in calibration, however.

The test set-up is shown in Fig. 31. The
unit under test is loaded by a variable resis-
tance, R, and the resulting current, /;, is mea-
sured. The voltmeter indicates the difference,
Uy, between the potential across R and the
compensating voltage, U s, which is set by
R3. This resistance is varied until Uy = 0. At
the same time, lower and lower ranges of
tthe voltmeter are selected to make the cal-
bration as accurate as possible. Then, R) is

voltage source

—L 1

R1

™

———————————

variable
resistance

voltmeter

9001134v-17

item
under test

—L—1

R1

= o

S001134v-18

Fig. 30. A pretty good and simple way of measuring the in-

ternal resistance of a voltage source.
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Fig. 31. Compensating method of measuring small internal resistances.
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carefully varied in small steps. This will
cause a change in /) as well as in U, as indi-
cated by the two meters. The internal resis-
tance is calculated by dividing the change
in output voltage by the change in current.

Measuring hum voltage

All d.c. supplies derived from an alternating
voltage retain a certain amount of a.c., how-

ever small, superimposed on the direct volt-
age output. This a.c. component manifests
itself as hum. The lower the hum level, the
better the power supply, at least in this re-
spect. The a.c. component can be measured
by removing the d.c. with the aid of a ca-
pacitor. On oscilloscopes this is done by set-
ting the input selector (AC/GND/DC) to
AC. The a.c. component may then be dis-
played on the screen with very good resolu-

tion. Since the hum voltage is seldom sinu-
soidal, it is normally specificed as peak-to-
peak, and this is clearly seen on the screen.
Multimeters set to a.c. ranges also iso-
late the d.c. voltage from the input signal,
so that only the a.c. component is measured.
Since this component is normally not sinus-
oidal, the indicated value is only reliable if

a true-r.m.s. multimeter is used.
(to be continued)

DECADIC VOLTAGE DIVIDERS

by Ing. G. Peltz

Designing decadic voltage dividers is not as simple as it may
seem. One decade is not too difficult, but when a number of
decade steps are to be selected by a rotary switch the design
becomes rather more tricky. Or does it? In this article, an old di-
vider circuit is rehashed that otherwise may easily be overlooked
in these days of microprocessor-controlled digital potentiometers.

IGURE 1 shows the basic circuit of a 3-

decade voltage divider. Switches S| and
S, are 2-pole, 10-position types, while S3 is
a single-pole, 11 position type. Both §; and
S, selecttworesistors atatime fromadivider
chain. The value of the parallel combina-
tion of these two resistors and the following
chain is equal to that of a single resistor.
This requirement is fulfilled when, for ex-
ample, chain | contains resistors of value
R, chain 2 contains resistors of value R /5, and
chain 3 contains resistors of value R/25.
Note that S, and S, are always displaced
two positions with respect to each other.

Since the value of the parallel combina-
tion of the two resistors between the poles
of S| and the following chain is equal to
that of a single resistor in the first chain, the
voltage drop across each resistor is the same
as the potential between the two poles of
S, that is, the input voltage, U, divided by
10. Similarly, the potential across each of
the resistors in the second chain is U,/ 100,
and that across each of the resistors in the
third chain is U, / 1000. This means that the
output voltage (with respect to earth) may
be selected in steps of a thousandth of U/,
depending, of course, on the tolerance of
the resistors, which in this case must be
0.1%.

Figure 2 shows a practical application of
the foregoing: two resistor chains and a po-
tentiometer provide an accurate, variable volt-
age source. Potentiometer P3 may be re-
placed by a third chain of 47 2 resistors.

A temperature-compensated zener diode
provides a very stable reference voltage,
U,, of 6.8 V from the supply voltage, Uy,

The values of the two resistor chains may
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Fig. 1. Basic design of a decadic voltage divider.
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S2:(0,1,...9) x 100 mV

0-10Vin
100 mV steps

Fig. 2. Voltage source providing 0~10 V in 100 mV steps.

be adjusted by presets P and P, respectively
to give the second chain a total resistance of
exactly 2 k€ and “the third”, that is, P3, a
value of 4 k€. If 2% resistors (of the same

batch) are used in the dividers, an overall
accuracy of 0.5% is obtained. This accuracy
will, of course, be even better if 1% or 0.5%
resistors (from the same batch) are used.

The potential at the wiper of P3 covers a
range of only 0—6.8 V and must not be loaded
too heavily to avoid unacceptable errors.
For that reason, the potential is applied to an
opamp with FET inputs, which gives an out-
put voltage range of 0—10 V preset by Ps.

The opamp is powered by an asymmetric
voltage source: +U,=12-18 V;-U,,=5-10V

Series resistor R, in the positive supply
rail has a value between 1 kQ and 2.2 kQ,
depending on the level of the supply volt-
age; it carries a current of about 5 mA.

Except for Ry, all resistors should be
metal film types with a temperature coeffi-
cient, Ty, not greater than +50 p.p.m. and a
tolerance of £1% or better. Presets P, Py,
P4 and P5 are multiturn cermet types, while
P;isagood-quality wirewoundtype ora47Q
resistor chain as in Fig. 1. The switches
should also be high-quality types.

DECADIC VOLTAGE DIVIDERS

Cadlibration

For calibration, a digital multimeter with a
4 1/, digit display is required. Set all presets
to the centre of their travel, and P3 and the
switches to their lowest position.

Turn P4 until the output voltage is 0 V
with respect to earth.

Check that thelevel at B isexactly the same
as the zener voltage.

Turn P; until the potential at C is exactly
one tenth of the voltage at B.

Set S to position 1, i.e., between termi-
nals 1 and 3, and turn Ps until a voltage of
exactly 1.000 V is obtained at the output.

Adjust P3 for maximum output and then
turn P, to give an output of 1.100 V.

Reset S to position 0: the output should
then be exactly 100 mV.

Since the controls affect one another slightly,
the calibration needs to be repeated a couple
of times.

NEW DIGITAL/ANALOGUE
MULTIMETER FROM ITT

HE new Type MX570 fromITT Instruments

is a combined analogue/digital multi-
meter that offers auto-ranging on both the tra-
ditional analogue pointer and the digital
LCD read-out.

The instrument is aimed at traditional mul-
timeter users who appreciate the accuracy
and unambiguity of a digital read-out, but
who find that alternative analogue solutions
on simple bar-graph displays lack the same
response and ‘feel’ of atrue analogue pointer.

Both the analogue and digital displays
of the MX750 share the same auto/manual
ranging and auto-polarity electronics, and yet
the pointer response is not restricted by the
sampling rate of the analogue-to-digital con-
verter.

ITT products are manufactured at a num-
ber of locations world-wide and are available
in most countries.

WorldRadioHistory

NEW WAVEFORM GENERATOR
FROM GOULD ELECTRONICS

OULD has introduced the DWG-7000

digital waveform generator that covers
the frequency range 10 uHz—10 MHz, and
can produce both standard and arbitrary
waveforms with a resolution of 100 ns per
point. Internal memory is sufficient to store
8192 digital points. The vertical resolution
is 12 bits.

Built-in standard functions include sine,
square, triangle, d.c., positive ramp, negative
ramp, positive pulse and negative pulse. All
can be selected from the front panel or from
aremote controller via [IEEE-488 or RS 232
interfaces. A full complement of sweep func-
tions is also available.

The DWG-7000 is suitable for all gen-
eral purpose electronics applications.

Gould Electronics manufactures a wide
range of electronic instruments, which are
available in most countries of the world. Il
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LOGIC ANALYSER PART 2

The busboard

The busboard does not look it, but it is the
heart of the analyser—see Fig. 3. It can ac-
cept up to five other cards, each via a dis-
crete connector. A sixth connector provides
a link to the computer interface. The major-
ity of the signals handled is common to all
the boards, as is usual in the case of bus-
boards.Only the five board-selectsignals, the
5-volt supply and the earth connections are
individually provided for each card as is
shown in Fig. 4 (Part 1).

The clock

The fact that the analyser is provided with a
clock frequency of 100 MHz indicates that it
is not intended for measuring direct volt-
ages or currents. It does not mean, however,
that a 100 MHz signal can be applied to the
input without further consideration. What
in an analyser is called clock frequency is in
other applications oftena sampling frequency
(as, for instance, in CD systems). According
to Shannon's Theorem, the sampled signal
may be reconstructed correctly only if the high-
estfrequency of theinput signal is not greater
than half the sampling frequency. That is not
all, however, because rectangular waveforms
are used in the analyser that contain, apart
from the fundamental frequency, a whole
series of harmonics. For reliable sampling a
digital input signal, a maximum fundamen-
tal frequency of, say, 30 MHz must be as-
sumed. The most important, and also the
strongest, harmonic is the third and that is
then nearly equal to the clock frequency. In
real terms, that means that the frequency
range of the signals that are required to be
transported over the metering leads extends
to at least 100 MHz. That cannot be done re-
liably and without distorting the signals over
even small distances, however, by means of
some twisted cable terminated into crocclips.
The analyser therefore uses an active probe,
which is discussed below.

The probe

From a purely electronics point of view, the
probe (see Fig.6) is very simple: a few resis-
tors, two connectors and some buffers.
Nevertheless, it forms an important link in
thetransport of theinput signals to theanaly-
ser. Itis, asit were,a "forward" input. Theitem
under test may be connected to it with short
leads, so that it only "sees" these leads and
the probe input. This is fortuitous as the fol-
lowing example shows. Assume that a test
lead has a capacitance of 10 pF (with many
test leads, this is much higher). If the signal
across thelead hasa frequency of 30 MHz, the
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lead represents a load of 530 Q on the signal
source. The very shortleads used hereensure
very low capacitance. The load presented
by the long cable following the buffers in
the probe is not reflected on to the signal
source.

The buffers in the probe are of the famil-
iar 245 type in the 74 series, but in ACT tech-
nology, that is, fast. The more usual types
arenot fastenough. Moreover, the ACT types
have a high-impedance input, so that they
present only a small load.

The outputs of the buffers provide a sig-
nal that is strong enough to bridge a 1 m
cable. Ifalonger cableis required, more buffers
must be added. The connectors of the probe
are therefore designed toenablethe probeand
cable to serve as an extension lead. They
carry, apart from the data lines, the 5-V sup-
ply and alsoa +12-V supply to enable a probe
to be constructed that can handle higher
input voltages.

Populating the printed-circuitboard—see

Fig. 7—is straightforward, but care must be
taken to ensure that pin 1 of K4 is located
correctly. Before the board can be mounted
in the case, the cover must be prepared. One
of thelong sides must be given arecess through
which K5 can be passed. The other long side
must be given a slot through which the flat-
cable can be passed. Note that this must be
done before the second connector is fitted
on to the cable. The photograph in Fig. 8
shows how thesemodifications should be car-
ried out.

The board is fitted on to the inside bot-
tom of the enclosure with twoscrews. The flat-
cable can now be fitted to the connector, after
which the top of the case can be put into-
place.

The connection between probe and item
under test is made by a short length of flat-
cable and a number of single-core leads ter-
minated into a test clip. The flatcable is ter-
minated at both ends by a female connector
fitted with a strain relief clamp. One of the
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Fig. 6. Circuit diagram of the probe.

WorldRadioHistory



@
— S e
gf::;
d'_.-Jo_\-:
go———9| |9 w
5 291 s
a=S8{ =G
h-§
=2\
'L.,%

&

€-peoooe

A

@ c34

50 o
00 : o
00 alo00
00 o500
oo e
00 o
oo o
00 o
$8 | ommondh RS
00 9B o
00 q.P o
0ol 9 n PSboo
00 90 Pllooo
00 - g“ o
oo q D <
K g D * m
nm (¢ P -

@ cazofjoo

Fig. 7. Printed-circuit board for the probe.

Fig. 8. (left) a slot and a recess have to be provided in the top of the enclosure; (right) general view
of the probe and the required ancillaries.

sockets is connected to the probe, while the
other is used as a multiple connector for the
individual test leads. These test leads are
terminated into wire-wrap pins that fit nicely
into the socket. These pins may be bought
from your local retailer or cut off contacts strips
that normally serve as IC socket -- see Fig. 8.
The test cable is then soldered into one of
the two buses. The other end of the the indi-
vidual leads, which should not be longer
than 20 cm, is fitted with a test clip. The other
bus remains unused except for one plug per
probe where an earth connection is soldered.

The RAM card

The RAM card is at the heart of the input
signal processing: it writes and temporarily
stores the data. Therelevant circuit is straight-
forward as may be seen in Fig. 9. The input
signals are passed to ICs 17, 18, 28 and 29.

Depending on the logicstate of the 100/25 MHz
signal at the 5; input of the ICs, these de-
vices function either as shift register oras latch.
When the signal is high (25 MHz mode), the
data present at parallel inputs AD are accepted
intotheregistersof theICsatevery clock pulse.
In this state, 16 input signals can therefore
be processed.

When the 100/25MHzsignalis low (100 MHz
mode), the four ICs function as shift regis-
ters that accept the logic state of input SR at
every clock pulse. This means that only four
inputs are left per RAM card, but these may
be processed ata clock frequency of 100 MHz.
Since the clock frequency can goupto 100MHz,
the clock signal is not carried via the bus
board but via a short coaxial cable that con-
nected the CLK input directly to the control
board.

From the input shift regtster, the signal is
split into two: one part goes to the word rec-
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ognizerand theother toalatch formed by IC
and IC,1.The three-state outputs of this latch
ensure that the RAM can be read without
any problems.

Furthermore, the latch ensures that in the
100MHz modethe data arestable long enough
tobe written intothe RAM. True, in the 100MHz
mode the data are offered at a frequency of
25 MHz, but in spite of that they remain sta-
ble for only 10 ns, which is too short for ICg
and ICyp, the RAM ICs. It is for that reason
that they are first stored in the latch. The
R/W signal from the control card clocks the
latchand controls the RAM. The control board
also provides the address lines that contain
the address into which the data are written
in the RAM. Every time this occurs, the ad-
dress is increased by one.

When the measurement has been com-
pleted, the R/W control goes high. The out-
puts of latches IC;g and IC5; are then high-
resistance and the RAM is in the read posi-
tion. The computer can then read the contents
oftheRAM address by address via three-state
buffers ICq and IC;9. Since only eight bits
can be read at a time, the buffers must be ad-
dressed individually, and this is done via
address decoder IC3. The two register ad-
dress lines and WR\ determine into which
register may be written and from which one
may be read. The address decoder is also
controlled by a card select signal to enable a
distinction to be made between the RAM
cards (up to four) and the controller card.

Apart from the RAM, the RAM board also
contains the word recognizer that arranges
the triggering of the logic analyser. Via the
interface the computer writes into the four
registers, IC;3, ICq4, ICy4 and ICyy, the data
that determine whether a bit is to be high,
low or don't care to trigger the analyser. An
XOR-NAND combination is used for each
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Fig. 9. Circuit diagram of the RAM card.
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TEST & MEASUREMENT

bit to compare the input data with the set
trigger pattern. The individual comparisons
are combined into signals ARM and TRIG
via the open-collector outputsof the NANDs,
which have been linked to form a wired-OR
gate. Signals ARM and TRIG are buffered
by gates IC3;c and IC3;4 and then applied to
the bus. These gates also have an open-col-
lectoroutput, sothat the trigger signalson the
busareagain passed through a wired-OR gate,
which ensures that the control board receives
two complete trigger signals. The XOR-NAND
combinationand its truth tableareshownsep-
arately in Fig. 10. The output of this combi-
nation must be high for the trigger condi-
tion for the relevant bit to be met. When the
Xinputis madelow, the outputisalways high.
The bit is then a don't care one in the trigger
pattern. When the X input is high, the 0/1
input is used to determine whether the data
input must be low or high to meet the trig-
ger condition. The XOR-NAND combinations
are connected to the four registers in a man-
ner that ensures that in each of the registers

four 0/1 inputs and four X inputs are juxta-
posed.

The printed-circuit board shown in Fig. 11
is straightforward, although some construc-
tors will wonder about the number of wire
links. These were found necessary because
of the density of the board in a number of
places. It was considered that in these instances
wire links are safer than copper tracks. Also,
they provide a way of keeping the supply to
groups of ICs separate, which makes thor-
oughdecouplingof the powerlines that much
simpler. Note that the resistance of the power
lines may be made even lower by giving the
relevant tracks an extra layer of tin.

Note also the layout of the board around
ICgand IC;q. TheseICs arenormally supplied
inwidthsof 0.3in., but wider versionsarealso
available. Theboard issuitable for both types.
Whichever type is used, pin 1 must always
be inserted into the appropriately marked
hole.

(Part 3 will follow in our April 1991 issue)

PARTS LIST
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Fig. 10. The word recognizer consists of 16 of
the circuits shown here.
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Fig. 11. Printed-circuit board for the RAM card
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OPTICAL-FIBRE COMMUNICATION

Modern telecommunications increasingly uses photonics, the
technology of using photons instead of electrons to convey
information in a controlled manner. The United Kingdom is a
world-leader in this technology and both British Telecom and

Mercury Telecommunications already have substantial lengths of
optical-fibre cable in everyday use.

HE basic principles of using photons for

communication via optical-fibre cable
were established by Hockam and Kao, work-
ing at the Standard Telecommunication
Laboratories at Harlow, Essex, in 1966.

A photon is an elementary particle of
light in the frequency range of 3x108 MHz
to 6x10!10 MHz, corresponding to wave-
lengths of 1000-5 nm.
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Fig. 1. Depending on the angle of incidence of
the light ray, the transmission path is called low-
or high-order mode; the greater the angle, the
lower the mode.
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A ray of light is the direction along which
photons, that is, light energy, travel. A beam
of light is a collection of rays. According to
the Principle of Reversibility of Light, if a
light ray is reversed, it always travels along
its original path. Light waves may be refracted
or reflected.

In reflection, some or virtually all of the
light is thrown back into the original medium
when the light strikes the boundary surface
between two media. Highly polished metals
reflect most of the light incident on them,
whereas, for instance, plate glas reflects only
about five per cent.

In reflection, the incident ray, the nor-
mal, and the reflected ray lie in the same plane.
Also, the angle of incidence with the nor-
mal is equal to the angle of reflection with
the normal—see Fig. 1.

Refraction is the change of direction that
a ray of light undergoes when it enters an-
other transparent medium. In refraction, the
incident ray, the normal, and the refracted
ray lie in the same plane. Snell, a Dutch sci-
entist, found in 1620 that the ratio sinc:sin
is a constant, where a is the angle of inci-
dence and B is the angle of refraction. Snell's
Law is usually expressed as

ny ssina=ny - sin
86028-1

Fig. 2. lllustrating Snell's Law.

sina/sinB = n./n=, [1]
where n, and n; are the refractive indexes of
the two media and [ is a constant.

Light is refracted because it has different
velocities in different media. The Wave Theory
of Light shows that the refractive index jn;
for two given media | and 2 is given by

1 =cy/cy, (2]

86028-3b

Fig. 3. Top:stepped index multimode cable; centre: graded index multimode cable; bottom: monomode
cable. At the left of the drawings are the profiles of the refractive index.
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where ¢ and ¢; are the velocities of light in
media 1 and 2 respectively.

If medium 1 in [2] is a vacuum, the value
is the absolute refractive index. The value
for any other two media is the relative re-
fractive index. The absolute refractive index,
n, of a medium is then n=c/v, where c is the
velocity of light in a vacuum and v is the ve-
locity of light in the medium. As the abso-
lute index of air is 1.000 29, in practice the
velocity of light in air can replace that in
vacuum.

There are, of course, situations where
there is a partical reflection and a partial re-
fraction of the light. For instance, in Fig. la
the angle of incidence is so small that a large

part of the incoming light is refracted. In
optical fibre, this would mean thata large part
of the light would be lost in the cladding of
the cable. Figure 1b shows the critical angle
of incidence: the refracted light here is at an
angle of 90° with the normal. At the critical
angle, the refracted light may cause inter-
ference. Itis, therefore, essential that the angle
ofincidence is greater than the critical angle—
see Fig. lc—when total reflection takes place.
Note that the angle of incidence, o, is equal
to the angle of reflection, y. The condition
for total reflection is that the ray of light
travels from an optically dense medium with
a relatively large refractive index to a less
dense one with a smaller refractive index.

OPTICAL-FIBRE COMMUNICATION  EE]

Rays of light that fall upon the media
boundary at an angle smaller than the criti-
cal angle are called high-order modes: they
take relatively longer to reach the end of the
cable. Rays of light that travel almost paral-
lelto the optical axis, that is, atan angle greater
than the critical, are called low-order modes.
Low-order modes travel faster because they
are reflected less often than high-order modes.
Low-order modes are far less prone to losses
than high-order ones.

The sine of the angle of incidence of the
ray of light is called the numerical aperture:
this is the prime factor where two optical
waveguides are to be linked. The numerical
aperture is alsoan indication of the difference

;/,

Tay of gt

Fig. 4. Longitudinal cross-section of an optical fibre cable.
The refractive index of the core is slightly higher than that

tad Nm (N2)

Nm (Nz)

of the cladding. 6 = critical angle uozze ta
Fig. 5. If the ray of light is input at an angle greater than the
critical angle 9, it is not reflected internally but absorbed in
the cladding.
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Fig. 6. Relationship between the critical angle and the re-

fractive index n, with ny given a value of 1.

Fig. 7. Relationship between attenuation presented by an
optical-fibre cable and the wavelength of the input light.

Ae Aa

Fig. 8. Dispersion causes the width of the light puises to be

increased.

Fig. 9. Depending on the input angle, different rays of light
travel different distances, and this causes their transit times
to be of different duration.
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between the refractive indexes of the core and
the cladding: the smaller it is, the greater
the bandwidth of the optical signal.

In mono-mode (also called single-mode)
optical-fibre cables (Fig.3) the core diame-
ter is comparable to the wavelength of the
light, so that there can be only one electro-
magnetic mode of propagation and spread-
ing of the pulse, called multi-path disper-
sion, is eliminated.

In multi-mode optical fibre cables—see
Fig. 3—the ray paths of the different modes
are of different lengths and have, therefore,
difference transmission times. Because the
modes are divided by a pulse, this is subject
to progressive spreading as it travels along
the fibre, causing it to interfere with adja-
cent pulses.

Its small core size makes mono-mode
fibre more difficult to use, but it has a smaller
attenuation than multi-mode fibre cables.

Optical fibre cable in practical use con-
sists of a light-conductive cylindrical core
of dopedsilica clad in pure silica—see Fig. 4.
The refractive index, n,, of the cladding is

RADIO, TELEVISION & COMMUNICATIONS

about 1% smaller than that of the core, n,.
This makes total internal reflection possible
at the boundary between core and cladding
of all rays of light that enter the cable at an
angle smaller than the critical (Fig. 5). The
critical angle, 6, is

O=arcsinV(n,2n,2),

and it depends therefore only on the refrac-
tive indexes n| and n,. If n; = 1 (vacuum)
the characteristic curve in Fig. 6 pertains.
Often, the numerical aperture, NA, is given
instead of the critical angle:

NA=sin®=V(n,2n,2).

Cable characteristics

The transient response of an optical-fibre cable
depends, apart from its geometrical charac-
teristics pertaining to the core and cladding,
on its optical attenuation and scattering.
The attenuation is largely dependent on the
wavelength of the input light. It consists of

two components: one caused by absorption
and the other by dispersion.

The absorption component is specific to
the glass fibres and can be kept to a mini-
mum during manufacture, when, for exam-
ple, oxygen-hydrogen (OH) ions may get
trapped in the material. Such impurities ab-
sorb light at a number of wavelengths as
shown in Fig.7. Note that the attenuation of
wavelengths around 1300 nm and 1150 nm
is very small.

The dispersion component depends on the
properties of the cable.It manifests itself as
avariation of refractive index with the wave-
length of the light.

Some spurious particles will always be
present in the glass; they come about during
the melting process. The dispersion caused
by these particles, which are small com-
pared to the wavelength of the light used, is
called Rayleigh scattering, which reduces
with increasing wavelength—Fig. 7. Scattering
is an intrinsic property of the glass: it can-
not be eliminated. It is partly caused by the
glass fibres and partly by properties of the

900056-18

Fig. 10. Because of the continuously varying refractive
index of graded index optical-fibre cables, rays of light in
these cables travel along helical instead of linear paths.

profile of
critical angle

longitudinal section
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Fig. 11. Diagrammatic representation of the three types of
optical-fibre cable. That at the top, a stepped index mode type,
is virtually out of production.
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Fig. 12. Simplified diagram of production set-up.
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Fig. 13. Some multi-core optical-f

ibre cables:top: Fibrespan (made by STC) and below:

Translite (made by TCL, a subsidiary of General Electric).
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light input.

Dispersion results in an increase in pulse
width of the light during its travel through
the cable (see Fig. 8). The increase is pro-
portional to the distance between sender and
receiver, that is, the length of the cable. It is
normally given in picoseconds per kilome-
tre (ps km-1).

Mode scattering is caused by the various
light rays entering the cable at slightly dif-
ferent angles—see Fig. 9. It is clear that dif-
ferent rays travel different distances through
the cable and this leads to attenuation of the
input signal. The difference between the
shortest and longest transit times, At, is

Ar=ny(mgnm)/eng,

where ny is the refractive index of the core
material, n,, the refractive index of the cladding
and c the speed of light.

The smaller the dispersion attenuation of
an optical-fibre cable, the larger the trans-

mission bandwidth. In practice, the band-
width, B, is B = 0.44/T, with T determined
at the -3 dB pulse amplitude.

Practical cables

A multimode cable is one with a core diam-
eter sufficiently larger than the wavelength
of light to allow propagation of light energy
inalarge number of different modes. Multimode
cables embrace stepped index and graded
index types. Stepped index types have a core
whose refractive index is constantly higher
than that of the cladding, that is, the index
changes abruptly at the boundary of core
and cladding. Owing to mode dispersion,
the attainable bandwidth of this type of cable
is limited to about 100 MHz km-1.

The refractive index of the core of graded
index cables reduces parabolically by 1%
from the centre of the core to that of the
cladding. This results in the light rays trav-
elling along helical instead of linear paths

in the cable—see Fig. 10. This
results in a noticeable reduc-

tion in transit times and disper-
sion attenuation. Dispersion at-

tenuation values of 0.2 ns km-!
and corresponding bandwidths

anenuation in dB
e
IS

@

of 1 GHz km-! are attainable.
The graded index cable

has become an international

; (CCITT) standard with a core
diameter of 50 um, a cladding

diameter of 125 um, and a nu-
merical aperture of 0.2 (Fig. 11).

A monomode cable is a
stepped index type whose inner
core diameter (of higher refrac-
tive index) is comparable with

the wavelength of light; this re-

sults in there being only one
mode of light propagation. Mode
dispersion is thus eliminated.
Monomode cables do not cause
transit delays, which results in
very large bandwidths of more
than 10 GHz km-1. Since the
attenuation of these cablesis also

Fig. 14. Attenuation as function of (a) the distance between
the cable ends, and (b) radial displacement between the cores.

small, they are eminently suit-

able for wide-band and long-dis-

tance communication.
Diagrammetic representa-

Fig. 15. Some commercially available couplers for use with optical-fibre cable.
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tions of the three types of cable are shown
in Fig. 11. The most commonly used is the
graded-index type. The transfer capacity of
this type of cable is normally greater than
required. Moreover, the in- and out-cou-
pling of light is easier with this cable than
with the mono-mode type. The attenuation of
commercially available graded-index cable
is 5-10dB km-1, which is notalot worse than
that of mono-mode cable. On the other hand,
the dispersion in mono-mode cable is much
smaller than in multi-mode cable. Owing to
its high attenuation of 10-30 dB km-! and
its smaller transfer capacity, the stepped
index multimode type of cable is now virtu-
ally out of production.

Cable manufacture

Glass fibres are normally manufactured by
the plasma activated chemical vapour depo-
sition (PCVD) technology. In this, a mix-
ture of silicon chloride, germanium chlo-
ride and oxygenis passed through a very pure
quartz tube. This gas mixture causes aplasma
reaction zone in the field of amicrowave gen-
erator, which results in the deposition of a
doped quartz layer (Si0O2) at the internal
surface of the tube (see Fig. 12). By axially
shifting the microwave generator along the
tube, an even thin layeris deposited. The core
is built up of some hundreds of such layers.
By varying the Ge doping of individual lay-
ers it is possible to obtain a very exact re-
fractive index profile, which is a prerequi-
site for large transmission bandwidths.

The quartz tube is then heated to a tem-
perature where it collapses intoa solid 1.5 m
long glass rod. This rod is then heated to
near its melting point and drawn into a fibre
some 15 km long with a diameter of 125 um.
To prevent damage to this fragile strand, it
is immediately given a primary coating of
man-made fibre. Later, a secondary coating
of man-made fibre is applied to give it the ten-
sileand mechanical strength required for pro-
cessing itinto acable. The protective sheath-
ing of the cable does not affect the optical
properties. Over the past few years, multi-
core optical-fibre cables as shown in Fig. 13
have become available, which have opened
up enormous possibilities for improving and
expanding communications systems.

Coupling techniques

Couplers are, of course, required for con-
necting the optical fibre cables to transmit-
ters, receivers and repeaters, although ca-
bles may also be lenghtened by splicing.
Whether a coupler or a spliced joint is used,
additional attenuation is the result, which
depends on the distance between the cable
ends, and the radial as well as the angular
displacement between the two cores. In a
spliced joint the cables ends are fused and this
type of coupling therefore gives the lower
attenuation as shown by curve a in Fig. 14.
In many cases, however, removable con-
nections are required and for these there are
now a number of optical couplers available
commercially (see Fig. 15). [ |
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CENTRAL HEATING CONTROLLER

PART 1: SYSTEM OUTLINE AND CIRCUIT DESCRIPTION

Most householders these days employ timeswitches to control their
central heating systems. Many of these switches, however, are of
the mechanical type, with a limited number of switching steps, and
with no facilities to vary the program from one day to the next. It is
only fairly recently that electronic controllers have appeared on the
scene, and the one described here is designed to give a wide range
of programming options, which can easily be changed.

K. Browne

HE block diagram of the system is
shown in Fig. 1. The CPU (central pro-
cessing unit) is a CMOS version of the popu-

lar 780 8-bit microprocessor. This is
connected to the ROM (read-only memory),
RAM (random-access memory), display
unit, key switches and output latch via a
common 8-bit data bus.

The ROM contains the control program,
enabling the CPU to perform the timeswitch
operations. This IC is a CMOS version of the
perhaps more common 2764 8Kx8 bit
EPROM. The control program would actual-
ly fitin the smaller 2732 4Kx8 bit EPROM. At
the time of writing, however, the 2732 was
not available in a CMOS version at a reaso-
nable price.

The RAM is a 2-Kbyte CMOS memory

ELEKTOR ELECTRONICS USA FEBRUARY 1991

chip, which is used to store the switching
program, the current time and other system
variables.

Two bits of the output latch are used to
control the switching relays. A further three
bits control LED indicators on the front pa-
nel.

A mains-derived 50 Hz signal is provi-
ded for the CPU by the timing section of the
circuit. This signal is required for timekeep-
ing purposes.

The power supply provides a stabilized
5 V rail for all the circuits. This supply is ei-
ther derived from the mains, or, in the event
of a mains failure, from a stand-by battery
source. The battery can be of the recharge-
able type, since the PSU also supplies a char-
ging current.
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The key switches and display unit are
mounted on a separate PCB. The 6 keys in-
terface with the data bus via diodes, and per-
form multiple functions to enable the user to
program the timeswitch.

The display unit is a 1-line, 16-character
LCD (liquid crystal display) module from
Seiko-Epson. The unit contains its own ROM
character generator and display RAM. Care
should be taken when handling the LCD as
it is quite expensive and easily damaged.

The circuit details

Power supply section (Fig. 2)

Transformer Tr1 reduces the mains voltage
to 12 V, which is rectified by diodes D1 to D4,
and smoothed by capacitor C2 to provide ap-
proximately 12 VDC. This voltage is used,
via resistor Ré and diode Ds, to charge the
stand-by battery, if required. The 12-V sup-
ply is also fed, via D7, to a 5-V fixed voltage
regulator, ICa.

Resistor R1 feeds the positive half-cycles
of the mains frequency to an optocoupler,
IC1, whose output drives a pulse-shaping
circuit formed by C1-R3. The resulting short-
duration positive pulses are inverted by
IC3F, and subsequently used as a reference



CENTRAL HEATING CONTROLLER

by the CPU to synchronize the timekeeping
function. Transistor T1, diode D and resistor
Rs5 form a monitor circuit for the 12-V sup-
ply. T1is normally on. In the event of a mains
failure, R4 discharges smoothing capacitor
C2. When the voltage across C2 falls to about
8 V, T1 is turned off, providing a power fail

signal to the rest of the circuit. TOCH
8 RELAYS SYSTEM

The timing section (Fig. 3) LCD OUTPUT
As previously mentioned, the CPU requires DISPLAY KEYPAD LATCH
a timing or interrupt signal of 50 Hz. The -
normal supply of this signal is from IC3F in LEDs
the power supply circuit. The pulses are ap- T 1% 1%
plied to the interrupt input of the CPU. To g /

prevent the system losing its timing refer- OATA BUS / L7200 /jé
ence when the mains fails, a second source of A T/A

50 Hz pulses is implemented in the form of L | timing B psu 25OV
an oscillator circuit based on IC9. The fre- AC
quency of oscillation is set by resistors Riz,
R13 and capacitor C7. Preset P13 allows fine
tuning of the frequency to exactly 50 Hz. The 50Hz SYNC |
power fail indication from T1 in the PSU cir- STANDBY
cuit is connected to the oscillator circuit by BATTERY
diode D9. The result is that IC9 provides an 910022 - 11
output signal only when a mains failure oc-
curs.

ROM RAM CPU T

The CPU circuit (Fig. 4)
A clock supply for the CPU is generated by
the circuit around IC3c. The quartz crystalin ~ Fig. 1. Block diagram of the Z84C00-based central heating controller.

78M05 BC108

1 5
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% see text il ! :
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*
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4 4
=
1N914
Tr IC3=74HC14
& ic2 |§ SV
78M05
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1N4001
R4 @k c3
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100n
cRed
910022 - 12

Fig. 2. Circuit diagram of the power supply and the 50 Hz timebase, which derives its accuracy from the mains.
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m GENERAL INTEREST

this circuit is a 2-MHz type. A lower fre-
quency than the maximum specification of
the CPU is used in view of the LCD unit,
which can only operate with signals up to
3 MHz. The 8-bit data bus is connected to the °
ROM, IC5, the RAM, ICs, and the output R11 R14
latch, IC7. Twelve of the address lines, A0 to P13 a
D10

47k

A11, arealso connected both to the ROM and
the RAM ICs. The remaining address lines,
Al2 to A15, are used to select various ICs
connected to the data bus. A number of gates
in IC8 "AND’ these address lines with the
MRQ (memory request) output from the
CPU, to provide the correct timing. A truth
table of the address decoding logic is shown
in Table 1.

1N914

|DIS

Ic9 __
D11 INT

7555
of 4O

1N914

Display module and key switches (Fig. 5)

The 8-bit data bus from the CPU, along with
two of the address lines, A0 and A1, is ex-
tended through to the display PCB. The six
key switches, SW20 to SW25, are connected
direct to individual lines of the data bus.
Pressing a key, however, has no effect unless
the IORQ (input/output request) line of the
CPU is low. This terminal is normally high,
and only taken low when the CPU requires
to read the key switches. It does this peri- 910022 - 13
odically under software control. When a key
is pressed during a CPU read cycle, the ap-
propriate data line is pulled low via one of
the diodes D20 to D2s. If two or more swit-  Fig. 3. Circuit diagram of the mains-synchronized timebase. The interrupt pulses supplied
ches are pressed at the same time, this prob- by this circuit are fed to the microprocessor.

TR
THR

1C3d
P ’D& € Ou
Alq 4
A13 3
BUSREG .
oG 22 Oz
WR 22
wa)e 2 =
cPU 7 ‘: 2
22p 1ca k-] 27
25V 284C00A PGM WE Mlenarcie sl R15
saf2 R16

Ic7
74HC
373

Jd&EBE5BES

NN

> P .-
0 7 77 N
e .6553 %5 é
= 4 s Icé

910022 - 14

Fig. 4. The heart of the controller is formed by a computer system based on Zilog’s Z84C00 8-bit CMOS microprocessor.
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CENTRAL HEATING CONTROLLER m

11G_)SV
)
14 AO RS
12 A1 5 ]
24 E ]
13 14
D6 13
:5 D5 12| DISPLAY | P20
19 D4 41| EA-D16015AR 3 -
21 D3 10
20 D2 9
18 D1 8
16 DO 7
S20 s21 S22 S23 S24 S25
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Fig. 5. The display circuit of the CH controller is based on an intelligent LCD module from
Seiko-Epson.

o |lo|o |o
- O |0 |O

1 . Display module

Table 1.

Address decoding in the microprocessor system.

Instruction Register (write)

9001

9002 ; Instruction Register (read)
9003 |

‘Data Register (write)

Data Register (read)

Table 2. Display module register selection.
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Fig. 6. The relay driver circuit that forms
the link between the controller and the CH
pumps, valves and the boiler.

lem is sorted out by the software.

The display module proper is self-contai-
ned. The CPU writes data to, or reads data
from, either the control or the data registers
inthe display module. Access to the registers
is controlled by the two lower address lines,
AOand Al, and by address line A15 (see Ta-
ble 2). A summary of the control codes and
character set available in the display module
is detailed in Table 3.

Preset P20 is provided to adjust the con-
trast of the display. Four LEDs are also ac-
commodated on the display PCB. LED20 and
LED21 indicate the state of the ‘hot water’
and the ‘heating system’ respectively. LED22
is used to indicate the state of the inhibit con-
trol. These three LEDs are controlled by the
CPU via the output latch and driver transis-
tors T20, T21 and T22. LED23 indicates that
mains power is present to the unit.

Relay section (Fig. 6)

Two changeover relays, RL1 and RL2, control
the actual central heating system. They are
operated by the CPU via the output latch
and the drivers, T2 and T3. Q

Continued next month.
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SIMPLE FUNCTION GENERATOR

The test instrument presented here is capable of supplying
sine-wave, square-wave and triangular-wave signals with an
adjustable amplitude of 0 to 12 V. The square-wave output in

addition offers a fixed 5-V level for easy use with digital circuits. The
frequency range of the generator is 2 Hz to 25 kHz.

IF you are into testing and designing elec-
tronic circuits at almost any level, a func-
tion generator and an oscilloscope are
indispensable instruments on the work
bench. Sine-wave signals produced by a
function generator are typically used to
check the frequency response and power
output of audio amplifiers, and to align fil-
ters. The triangular waveform, often mis-
takenly referred to as ‘ramp’ or ‘sawtooth’,
enables you to measure the cross-over dis-
tortion of a balanced amplifier. The square-
wave output has the widest application
range: it is generally used for overshoot, fre-
quency response and pulse response meas-
urements on audio amplifiers. Applied to
digital circuits, the square-wave function is
often used to provide a variable clock gener-
ator. For this purpose, the generator output
level is either 5 V for TTL circuits, or 12 V
(generally) for CMOS circuits. In any case,
make sure you know the supply voltage of
the digital circuit connected to the generator,
and the required drive level of the logic ICs.

Integrator

To help you in locating the individual cir-
cuits that together form the function gener-
ator, and understanding the basic function of
each of these circuits, the simplified schema-
tics are first discussed with reference to
Fig. 1. For convenience, the part reference
numbers in the simplified schematics corre-
spond to those in the full circuit diagram,
discussed further on.

The first sub-circuit is an integrator
(Fig. 1a). When a constant voltage is applied
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to the input, capacitor C1 is charged with a
constant current. Hence, the voltage across
Cirises, in principle, linearly as a function of
time, and not according to a logarithmic
function (e-curve) as in a resistor-based
charging circuit. The opamp is responsible
for this linearization of the charge voltage.
Since the inverting input of the opamp forms
a virtual ground, all input current is, in prin-
ciple, sent into the capacitor. This means that
the capacitor charge current is equal to the
current that flows through the input resistor.
This current is simple to calculate since the
value of the resistor is known, and the volt-
age across the resistor equals the input volt-
age. In the present circuit, there are only two
voltage levels, ‘high” and ‘low’. You have
guessed it: the integrator is driven by a
square-wave signal.

The capacitor is charged by the ‘high’
voltage level, and discharged by the ‘low’
voltage level. Because of the integrating
operation of the capacitor, its right-hand ter-
minal supplies a triangular voltage, which
corresponds to the charge voltage (remem-
ber that the left-hand terminal of the capaci-
tor is at ‘virtual’ ground). If you want to
demonstrate the operation of the integrator,
use a large time constant by fitting a capaci-
tor of say, 1 pF, for C1, and a resistor of 1 MQ
atthe opamp input. These component values
make the integrator so slow that a simple
multimeter connected to the output will
clearly indicate a slowly rising and falling
voltage when the input is taken low and high
(in that order because of the inverting func-
tion of the opamp).

Schmitt trigger

The previously mentioned square-wave sig-
nal that drives the integrator is supplied by
an oscillator based on a Schmitt-trigger. The
basic schematic of this circuit is given in
Fig. 1b. Like the integrator, the Schmitt-trig-
ger is based on an operational amplifier. Re-
sistor junction R12-R13 is connected to the
non-inverting opamp input and causes posi-
tive feedback instead of negative feedback as
with the integrator. Contrary to a ‘normal’
circuit with positive feedback, however, the
Schmitt-trigger sees its output voltage reach
the full positive and negative supply level.
When the input voltage is sufficiently posi-
tive, the output voltage reaches the positive
supply level. When a negative input voltage
is applied, the opamp output voltage is
nought. The feedback resistor between the
input and the output of the opamp also en-
ables the circuit to settle in one of two stable
states, like a flip-flop. The opamp can be
made to change state by applying a suffi-
ciently high reverse voltage to the +input.
This happens when the voltage at the resis-
tor junction exceeds that at the inverting
input of the opamp. Hence, there is a certain
degree of hysteresis. If we apply a sine-wave
to the circuit, the output will not go high
until the instantaneous amplitude of the
input signal is a little higher than 0 V. Simi-
larly, the output goes low when the input
signal is a little below 0 V. The upshot is that

R1/P1/R3

= 1.5
O—H @

R13

@O
@.

—— 896001X - 16

; DOGOBO-I;O

Fig. 1. The main sections of the circuit are
formed by an integrator (Fig. 1a), a Schmitt-
trigger (Fig. 1b), and a sine-wave shaper (Fig.
1c).

the circuit in Fig. 1b converts a sine-wave
into a square-wave.

Generator

A signal generator is created by combining
the circuits in Fig. 1a and Fig. 1b. In prin-
ciple, all that is required is to connect the out-
put of one circuit to the input of the other.
This results in positive and negative levels at
the input of the integrator, enabling the ca-
pacitor to be charged and discharged. The
Schmitt trigger receives positive and nega-
tive levels from the integrator. In this con-
figuration, the inverting function of the
integrator, the delaying effect of the capaci-
tor, and the hysteresis of the Schmitt-trigger
together ensure that the circuit oscillates. In
other words, what we have on paper at this
stage can be used as a signal generator.

Sine-wave shaper

As already noted, the function generator is
capable of supplying a sine-wave signal.
Here, the sine-wave output is obtained from
the triangular waveform. The circuit that
performs this function is shown in Fig. lc.
The two anti-parallel diodes, D1 and D2, play
a crucial role. Their non-linear current-volt-
age characteristic causes the peak excursions
of the triangular signal to be ‘crushed’. The
resulting waveform is a crude approxima-
tion of a sine-wave that needs to be passed
WorldRadioHistory

4
SIMPLE FUNCTION GENERATOR

through a low-pass filter to clean up the sig-
nal.

The two diodes and R23 form a potential
divider (p.d.). Since the lower branch of the
p-d. has a non-linear behaviour (it is not a
pure resistance), the ratio of the resistance in
the upper branch to that in the lower branch
is voltage-dependent. This is caused by the
internal resistance of the two diodes, which
is low at a high input voltage, and high at a
low input voltage. The effect of the non-li-
near p.d. is that the difference between the
maximum and minimum levels of the input
voltage (a triangular waveform) becomes
smaller. That is precisely what we are after:
the peaks of the triangular wave must be
‘crushed’ to give the round parts of the sine-
wave, and the part around the 0 V potential
must be ‘stretched’. The circuit in Fig. 1c
achieves this goal, although its output wave-
form is not a perfect sine-wave.

The complete circuit

In the circuit diagram in Fig. 2 we find the in-
tegrator, IC1a, in the top left-hand corner.
The Schmitt-trigger, IC2, is seen to the right
of the integrator. The circuit around IC3 pro-
vides the Schmitt-trigger, IC2, with an accur-
ate symmetrical supply voltage. ICid is a
standard amplifier set up to function as a
buffer.

The power supply of the function gener-
ator is symmetrical with output voltages of
+15V and -15 V with respect to ground. The
previously mentioned low-pass filter is
formed by the circuit based on opamp ICib.
Referring back to the basic circuit diagram of
the integrator, Fig. 1a, the series combination
of a resistor and a capacitor makes the re-
sponse dependent on the frequency of the
input signal. In essence, this creates a filter
function. If we want to use the capacitor to
enable the circuit to ‘remember’ the applied
voltage, its function is that of an integrator.
Conversely, if we want the capacitor to intro-
duce more attenuation for high frequencies
than for low frequencies, its use in combina-
tion with a resistor creates a low-pass filter.
Hence, the circuit in Fig. 1a functions as an
integrator as well as a low-pass filter.

For the moment, we will consider the cir-
cuit in Fig. 1a as a low-pass filter. If a resistor
were fitted in the position of the capacitor,
the circuit would function as a normal,
opamp-based amplifier, of which the voltage
gain is not dependent on the frequency.
However, because of its reactance, the capa-
citor makes the voltage gain of the circuit fre-
quency-dependent. Since the reactance of a
capacitor drops with frequency, the circuit
functions as a low-pass filter that suppresses
some of the higher harmonics of the con-
verted triangular signal.

In the circuit diagram of the function gen-
erator, the feedback capacitor in the low-
pass filter, IC1b, is selected by a switch, Sia.
The frequency determining capacitor are Cs-
Cs. The integrator capacitors, C1-C4, are also
selected by a switch, in this case Sib. The
switches that select the components are
coupled to make sure that the frequency ran-
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Fig. 2. Complete circuit diagram of the function generator. Note the special symmetrical power supply for integrator opamp 1C2.
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SIMPLE FUNCTION GENERATOR E

906060-12

Fig. 3. A little cutting and filing does the trick: how to turn a single potentiometer and a
stereo potentiometer in a ganged triple type.

Fig. 5. Oscilloscope photographs of the
waveforms produced by the function gener-
ator. Top: square wave; centre: sine wave;
below: triangular wave.

ges of the low-pass filter carrespond those of
the square-wave/triangular-wave generator
based on IC1a and IC2.

Fig. 4. Practical realization of the triple ganged potentiometer on the generator PCB. The frequency of the signal produced by
the square wave/triangular wave oscillator
is determined by the charge/discharge rate
of the integtator capacitor, the capacitor
value and the charge voltage. The coarse fre-
quency setting is effected by selecting a capa-
citor with the aid of a rotary switch. A
potentiometer, P1, is used for the ‘fine’ fre-
quency adjustment. Two further poten-
tiometers, P2a and P2b, are used to adjust the
low-pass filter. Since the low-pass filter must
track the generator frequency, P2 is coupled
mechanically to P1 (see the drawing in Fig. 3
and the photograph in Fig. 4.)

The power supply of the function gener-
ator is conventional with a symmetrical 15V
output. The +15 V supplv voltages are used
for all parts of the circuit except opamp IC2,
which requires a more accurate symmetrical
supply voltage to ensure that its output sig-
nal is an exact square wave. Opamp IC3
forms a stabilizer for IC2. Normally, pin 3 of

G WorldRadioHistory

ELEKTOR ELECTRONICS USA FEBRUARY 1991



m INTERMEDIATE PROJECT

COMPONENTS LIST

,\I o4y 0 '
s .. [TT—Ale
[l K3
E R ™1 /-
& X -
12 (0—? o |
i @0 & sel”
Al ?
1 ~ o 0 :“;
q
i\ =\
R
1 —0
1
a R
S g R
= g8 Es Jo @

I ;
\

IZN
v
0
N

IC3is held at ground potential by a symme-
trical potential divider, R15-R18. The output
of IC3, pin 6, is therefore also at ground
potential. However, when the +£15 V input
voltage is not exactly symmetricat (for
example, when the +15 V voltage is a little
higher than the 15 V voltage), the voltage at
pin 3 of IC3 rises. Consequently, the output
of IC3 will try to track this change by raising
the output voltage. This is not possible, how-
ever, since the output is connected to
ground. The result is that a positive current
flows from the output of IC3 into the ground
line. Since this current is supplied via R15, the
voltage drop across Ri5 rises, so that the
Fig. 6. Design of the single-sided printed-circuit board for the function generator. Note that positive supply voltage of IC2 (pin 7) drops.
the complete power supply, including the mains tansformer, is accommodated on this board.  In this way, the too high supply voltage is re-

1282391
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Fig. 7.

Suggested design of a front panel for the function generator.

Fig. 9.

Solder side view of the printed-circuit board.

WorldRadioHistory

SIMPLE FUNCTION GENERATOR

duced and stabilized. The operation of the
stabilizer is the same for too high levels of the
negative supply voltage, -15 V. The zener
diode in the stabilizer, D4, limits the output
voltage of IC2 to 10 Vpp.

The circuit based on IC1d is a buffer with
a short-circuit resistant output (connector
K2). The potentiometer at the input of the
buffer, P3, forms the output level control of
the function generator. The output voltage
available at K2 can be set between 0 V and
12V.

The waveform selection is accomplished
with a four-way, 2-pole switch, 52a/2b, con-
nected ahead of the buffer. The square-wave
setting has two options: a fixed output volt-
age of 5V for TTL circuits, or 0 Vto 12 V
(variable) for all other applications. The posi-
tive half-cycles of the 5-V square wave are
obtained from the output voltage of IC2. A
diode, D3, passes only the positive half-
cycles to a potential divider, R20-R21 and a
buffer, IC1d. The photographs in Fig. 5 show
the waveforms produced by the generator.

Construction

The function generator is best built on the
printed-circuit board shown in Fig. 6. A sug-
gested front-panel design is shown in Fig. 7.
The connection of the range select switches
to the board involves quite a few wires, so
make sure you understand the pinning of
the rotary switches. Keep all wires as short as
possible. Also note that the connections to
the output buffer, IC1d, are made with three
screened cables (refer back to the circuit di-
agram in Fig. 2). The photographs in Figs. 8
and 9 show the completed circuit board,
viewed from the component side and the
track side respectively. The board is fitted on
four short plastic PCB spacers to avoid any
risk of the mains-carrying PCB tracks touch-
ing the bottom cover of the metal enclosure

L]
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SERIAL VIDEO CARD _

This design, based on a
6847 video display
generator and the 8031
single-chip
microcontroller, provides a
simple solution to the
problem of interfacing
serial ASCIl data for
display on a monitor.

R. Grodzik

THE unit proposed here is basically a
simple terminal for use with small com-
puter systems that do not have their own dis-
play interface, but are capable of supplying
serial RS-232 or inverted TTL ASCII data.
The serial video card is capable of working at
a selectable bit rate, and has a RAM (ran-
dom-access memory) with storage capacity
for up to 16 pages (or screens) of informa-
tion.

As shown in the block diagram, Fig. 1,
the system has two push-buttons; one is used
to leaf forward through the pages of text,
while the other, the reset key, is used to initi-
alize the system, to home to the first text
page, and to configure the bit rate on the se-
rial input channel.

The unit has been designed as a mini-
mum text display device with a reduced
character set displaying upper-case charac-
ters only. Lower-case characters sent by the
computer are displayed as upper case. The
available character set is listed in Table 1,
along with the line and page control codes.

The RAM in the system allows 16 screens
of alpha-numeric data to be stored and dis-
played one at a time, providing a total capa-
city of 8,000 characters. The screen mode is

ELEKTOR ELECTRONICS USA FEBRUARY 1991

organized as 16 lines with 32 characters per
line, giving 512 characters per screen. If the
amount of data received at the serial input
exceeds the screen capacity, the next page is
automatically selected, until all 16 pages
have been filled. Furthermore, there is an

WorldRadioHistory

automatic wrap-around facility when the
earlier data in the first page is overwritten.

Applications

I am often asked ”“What is it for?” or ”What
does it do?”, when completing a design. Well,
the answer is: it depends on you. Here are a
few examples of what my colleagues have
come up with:

- Aserial keyboard which provides an
ASCII encoded output (note that IBM
PC keyboards are not suitable as they
produce their own unique codes). The
serial keyboard is connected to the
input of the video card to give a basic
text display terminal.

- Connected between a modem and a
television receiver, incoming computer
data can be displayed on your TV set.
This application may be of interest to
the deaf and hard of hearing.

- A video answering machine?

- Ateaching aid.

- With additional battery back-up for the
video RAM, text can be downloaded
from a computer station for subsequent
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Fig. 1.

remote display on a TV set or a monitor.
- A video carousel for promotional and
advertising purposes.

Circuit description

The complete circuit diagram of the serial
video card is given in Fig. 2. On power-up,
or pressing RESET button SW1, the hexadeci-
mal switch SW3 is read by IC2, a single-chip
computer, and the bit rate on the serial input
channel is initialised. Table 2 lists the bit
rates that can be selected by SW3. The word
protocol follows the most commonly used
format with 1 start bit, 8 data bits, 1 stop bit
and no parity.

The serial data applied to the circuit is
converted into parallel data by the system
firmware, and subsequently sent to the vi-
deo RAM, IC10. For this to be accomplished,
the tri-state buffers IC4, ICs and ICé are ena-
bled by address line A15and WR lines of the
8031. At the same time, the video generator,
IC9, and the data and address buses are swit-
ched to a high impedance state by IC8D, and
the system EPROM, ICy, is disabled by A15.
One databyte is thus transferred from the
8031 on to datalines DO-D5. Databit D6 is

lost since it not required by the character
generator. Dataline D7 on IC10 provides a re-
verse video facility during the power-up self
test, when the entire available character set is
generated, a screenful of each character. This
test feature is useful if an address or data line
is open or shorted, since the monitor will
show up either fault.

Once the video RAM has been updated,
the tri-state buffers [C4, IC5 and ICe are disa-
bled, the IC9 buses are enabled, and address
lines AO-A8 are strobed by IC9 to access the
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Block diagram of the serial video card. At the heart of the circuit is a 80C31 single-chip microcontrolier.

ASCII data. Data goes into IC9 on lines DD0-
DD5, and is converted into a composite seri-
al video signal on pin 28 of ICy.

The video signal is inverted by transistor
T1, and buffered by T2 to drive the 75 Q load
formed by the monitor input. Two outputs
are provided: K2 supplies the 1 Vpp 75-Q
composite video to the monitor, while Ki,
the phono-type socket on the TV modulator,
supplies a modulated RF signal at
591.5 MHz in the UHF TV band, for connec-
tion to the aerial socket of a domestic televi-
sion receiver.

Subsequent serial asynchronous data
words are fed to the video RAM. After 512
characters, port address P1.0-P1.3 on the
8031 increments, which, in turn, selects the
next block of 512 locations in IC10. Address
lines A9-A12 of IC10 provide 16 pages of text
storage capacity.

About the Video Generator

Each character on the screen is consists of a
pattern of light and dark dots. Dot patterns
for the desired characters are stored perma-
nently in the character generator, as illus-
trated in Fig. 3. This simplified block
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Fig. 3. Simplified block schematic of the video generator.

diagram shows how a chain of counters are
cascaded to provide the timing required for
the monitor circuitry.

The clock signal for the video generator is
derived from an inexpensive 3.579 MHz
(NTSC subcarrier) quartz crystal. The dot
clock signal enables the video dots to be clo-
cked out of the shift register. As the first AS-
Cll character in RAM is accessed by the +226
counter, the character generatoris addressed
via data lines DO-D5. The dot information
required to produce the first dot row of the
character resident in the character generator
is presented to the parallel-in, serial-out shift
register. The dot clock is used to shift out the
eight dots required to turn the CRT (cathode
ray beam) beam in the monitor on or off,
which produces the first line of dots for the
character.

The address on lines A0-A4 increments
once every eight dot clock cycles to address
the next ASCII character in RAM, and the
first dot row of this character is clocked out
to the CRT. Address lines AO-A4 can select
one of 32 characters needed for a complete
line of text on the screen.

The output of the +226 counter produces
a line sync pulse after the first dot row of all
32 characters is clocked out. The +12 counter

WorldRadioHistory

COMPONENTS LIST

ELEKTOR ELECTRONICS USA FEBRUARY 1991




COMPUTERS AND MICROPROCESSORS

00000: 02 00 40 02 04 31 FF FF FF
00010: FF FF D2 8E A3 32 FF FF FF
00020: CO DO CO EO 7E FF 1E 7F FF
00030: DO EO DO DO 22 75 09 00 75
00040: 31 00 31 05 11 BO 31 05 D2
00050: FF FF FF FF FF FF FF FF FF
00060: E5 90 FB F5 90 BB FO 02 7C
00070: DO 02 7C CC BB CO 02 7C Eé6
00080: 02 7C F3 BB 90 06 12 02 00
00090: 11 20 11 20 11 20 11 20 11
000AO0: 75 98 50 75 89 20 D2 8E D2
000BO: 00 00 00 OO0 00 00 00 00 0O
000CO: 00 00 00 00 00 00 00 00 00
000D0O: 00 00 00 00 00 00 00 00 00
O00EO: 00 00 00 00 00 00 00 00 00
000FO: 00 00 00 00 00 00 00 00 00
00100: 74 FO F5 90 22 90 80 00 22
00110: A8 83 B8 82 F7 22 90 80 Eé6
00120: DO EO 04 B4 1D F5 80 14 53
00130: 4E 49 54 49 41 4C 49 53 45
00140: OB CO EO 83 FO A3 00 DO EO
00150: 35 30 20 BB EO 14 74 0B CO
00160: 04 B4 OF F4 80 04 33 30 30
00170: EO 83 FO A3 00 DO EO 04 B4
00180: 20 BB CO 14 74 0B CO EO 83
00190: OF F4 80 04 31 32 30 30 BB
001A0: FO A3 00 DO EO 04 B4 OF F4
001BO: AO 14 74 OB CO EO 83 FO A3
001CO: 80 04 32 34 30 30 22 FF FF
001D0O: E5 90 04 54 OF F5 90 22 FF
O01EO: FF FF FF FF FF FF FF FF FF
001F0: FF FF FF FF FF FF FF FF FF
00200: 74 80 CO EO FO A3 A8 83 BS
00210: 09 31 05 DO EO 04 B4 00 E9
00220: 00 00 00 00 00 00 00 00 00
00230: B8 00 02 80 03 B8 20 02 80
00240: 60 02 80 03 B8 80 02 80 03
00250: 02 80 03 B8 EO 03 D2 8E 32
00260: B8 LF 02 80 03 B8 3F 02 80
00270: 7F 02 80 03 B8 9F 02 80 03
00280: 02 80 03 BF FF 03 D2 8E 32
00290: A3 14 B4 00 FB A8 83 B8 82
002A0: 54 OF F5 90 D2 8E 32 D2 8E
002B0: 54 OF F5 90 D2 8E 31 05 32
002C0: CO 90 75 FO 10 E5 90 54 OF
002D0: F4 DO 90 22 FF FF FF FF FF
002E0: FF FF FF FF FF FF FF FF FF
002F0: FF FF FF FF FF FF FF FF FF
00300: 30 98 FD C2 8E C2 98 Eb 99
00310: 20 03 02 02 B9 CO EO 54 60
00320: DO EO B4 08 03 02 02 2E B4
00330: 03 02 02 8E 00 00 00 00 00
00340: B4 0D 03 02 04 00 00 00 00
00350: O 09 90 80 00 D2 8E 32 FF
00360: FF FF FF FF FF FF FF FF FF
00370: FF FF FF FF FF FF FF FF FF
00380: FF FF FF FF FF FF FF FF FF
00390: FF FF FF FF FF FF FF FF FF
003A0: FF FF FF FF FF FF FF FF FF
003B0O: FF FF FF FF FF FF FF FF FF
003C0: FF FF FF FF FF FF FF FF FF
003D0: FF FF FF FF FF FF FF FF FF
O03EO0: FF FF FF FF FF FF FF FF FF
003F0: FF FF FF FF FF FF FF FF FF
00400: ES5 82 54 1F B4 00 02 80 05
00410: 32 B8 60 02 80 03 B8 80 02
00420: B8 CO 02 80 05 Bg8 E0O 05 80
00430: CF C2 8E C2 A8 11 20 CO EO
00440: DO EO 00 00 00 00 00 00 00
00450: 11 20 D2 Ag8 D2 8E 32 FF FF
00460: FF FF FF FF FF FF FF FF FF
00470: FF FF FF FF FF FF FF FF FF
00480: 00 00 00 00 00 00 00 00 00
00490: 00 00 00 00 00 00 00 OO0 00
004A0: 0O A8 83 B8 82 OF CO EO E5
004BO: 00 31 05 DO EO FO A3 D2 8E
004C0: FF FF FF FF FF FF FF FF FF
004D0: FF FF FF FF FF FF FF FF FF
004E0: FF FF FF FF FF FF FF FF FF
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Fig. 4.

then increments to point to the next lower
row of dot patterns for the same 32 charac-
ters. As the CRT beam sweeps across the
screen, the dot information of the sub-
sequent 11 rows of each character is traced
on to the screen after every line sync pulse.
When all 12 rows of all 32 characters are
traced, the +22 counter increments the ad-
dress on lines A5-A8, and the next screen
row of 32 RAM-resident characters is ad-
dressed. The dot information for these char-
acters is clocked out as described above.
When 16 lines of characters have been dis-

Hexdump of the control program that resides in the system EPROM, a 27C16.

played on the monitor, the final output of the
+22 counter issues a vertical sync pulse re-
quired by the monitor circuitry to restart the
raster scan, by which time all the counters
have been re-initialized to zero. Thus, all 512
characters are continuously refreshed to the
monitor, 60 times per second, corresponding
to about three million dots per second.

External lines A9-A12 on the 8031 allow
one of 16 different blocks of 512 characters to
be addressed, providing a total of 16 screens
of information.

In addition to the chain of counters, addi-
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tional circuitry is needed to produce a blan-
king (beam retrace) signal for the monitor,
and also to combine the vertical and horizon-
tal sync signals with the serial dot stream.
The combination of these signals is called the
composite video signal.

The complex functions described in rela-
tion to the video generator circuitry are ac-
complished by a VLSI (very large scale
integration) IC, the 6847 from Motorola. This
chip thus performs the definitely non-trivial
task of interfacing a microprocessor to a
computer monitor or television set.

Construction notes

The serial video card is built on a double-
sided, not through-plated printed circuit
board of Eurocard size (10x16 c¢m). The
author’s prototype is shown in the introduc-
tory photograph. For constructors wishing
to burn their own EPROM for this project,
the content of the 27C16 is given in Fig. 4.

It is recommended that all ICs be fitted in
sockets, particularly IC9, which is static sen-
sitive. The usual precautions, such as groun-
ding the circuit board and yourself, should
be taken. Be sure not to wear a nylon shirt or
pullover when handling any of the ICs.

All logic ICs must be devices from one
and the same family, in this case the HC se-
ries. Mixing HC series with standard 74 se-
ries ICs will produce timing errors and
random display of information, since the in-
put and output voltage thresholds are in-
compatible.

Ceramic decoupling capacitors should be
fitted directly on the supply pins of the ICs,
at the track side of the board.

Printed circuit linking pins, totalling over
150, are inserted from the component side
during the initial stages of construction. The
holes for these pins are drilled at a diameter
of 0.8 mm. Care should be taken while solde-
ring, since solder bridges are easily made. A
watchmakers’ eyepiece is useful for inspec-
ting the board, since solder whiskers can ea-
sily evade the human eye. Once the linking
pins are in place, the IC sockets are soldered
in. Next, fit the discrete analogue video com-
ponents. Then follows the ready-made UHF
modulator, which is also static sensitive.

Finally, the power supply to the board is
5V, at a total current consumption of about
200 mA. |



MIDI-TO-CV INTERFACE

Older monophonic synthesizers have the disadvantage that they
cannot be controlled via a Musical Instrument Digital Interface—
MIDI. Since most owners of these synthesizers, which are rightly
renowned for their excellent sound , would be loath to get rid of
them just yet, this article describes an interface that enables these
units to be controlled via a MIDI, provided they conform to the

ONNECTION to the MIDI is made via a

standard MIDI IN socket that is located
on the printed-circuit board of the present
interface. AMIDI THRU / OUT socket enables
additional MIDI compatible equipment to
be controlled. The MIDI receive channel of
the present interface is set via a 4-pole DIP
switch.

Connection from the interface to the syn-
thesizer is via two 6.3 mm audio connectors:
one for the control voltage—CV (1 V/oc-
tave) and the other for the gate signal. Either
a positive or a negative gate signal may be
selected.

The interface receives MIDI note-on and
note-off instructions from which it gathers the
control voltage and status of the gate needed
to be supplied to the synthesizer so that this
produces the tones associated with the MIDI
data. The MIDI code for the touch control is
not involved and is of no further interest
here.

Inconformity withaccepted standards, the
interface software uses MIDI controllerno. 36
as the reference tone for 0 V, that is, MIDI
tone value 36, equivalent to low C on a stan-
dard 5-octave keyboard, is produced when
the CV output is 0 V. The maximum tone
range is 5 octaves, produced by a control
voltage range of 0-5 V.

The interface is powered by an external
mains-operated supply: the three required
voltages are derived on the interface board.

Circuit description

The MIDI signal is applied to serial input
P3.0 (pin 10) of microcontroller IC; via the
obligatory optocoupler, ICq. The program,
stored in IC,, responds to note-on and note-
off commands in the MIDI channel selected
with switches SW;-SW4. It computes from
the MIDI data the corresponding analogue
voltage, later converted intodigital form,and
the status of the gate. The voltage is avail-
ablein digital form at the 8-bit port P1, which
is connected with the digital inputs of 8-bit
analogue-to-digital converter IC4. The output
of this converter is a voltage that is directly
proportional to the digital value at port P1.
The scale of the control voltage is set by
opamp ICs, whose gain is varied with the
aid of preset Py.

1 V/octave logarithmic standard.
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Fig. 1. Circuit diagram of the MIDI-to-CV interface.
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The status of the gate is available simul-
taneously at port lines P3.6and I’3.7. Depending
on the software, P3.6 is active high (i.e.,, +5V
with key depressed) or active low (i.e.,, 0 V
with key depressed).

The heart of the interface is microcon-
troller IC;, which consists of an 8-bit micro-
processor, 128 byte RAM, four ports of eight
lines (bits) each, P0-P3, a serial interface with
programmable baud rate, and two 16-bit
counter/clocks. Note that the difference be-
tween a Type 8031 and a Type 8051 IC is that
the former has on-board ROM. If, therefore,
an 8051 is used, its internal ROM must be
switched off via pin 31 (EA), since the pro-
gram is stored in an external ROM. A more

PARTS LIST
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detailed description of the 8031/8051 may
be found in Ref. 1.

Since the 8051 has no separate terminals
for address and data buses, ports PO and P2
are used for this purpose. Port PO serves as a
multiplexed address-cum-data bus for the
eight lowest bits, and P2 as that for the eight
highest bits.

Circuit IC,, an eight-fold latch, assumes
the eight lowest addresses from port PO at
the trailing edge of the ALE (address latch
enable) signal. The eight highest addresses
are provided by P2.0-P2.4. From the leading
edge of the ALE signal onwards, PO func-
tions again as data bus.

The program is stored in IC3, an EPROM

Type 2764. Although this is available ready-
programmed, it may, of course, be programmed
to individual requirements.

The 8031/8051 has a complete serial in-
terface, i.e., input and output, as required
for MIDI operation. When a 12 MHz clock is
used, the internal baud rate generator is ad-
justed viathe software to operateat31.25 kHz.
The input of the interface is 3.0 (RD=read)
and the output is P3.1 (WR=write).

The MIDI input circuit is based on opto-
coupler IC¢. Input resistor R3 limits the cur-
rent through the photodiode, while D, pro-
tects the LED against negative input voltages.
The open-collector output of the optocou-
pler is connected to serial input 0.3 and to

B

Q-

1Y
S

Fig. 2. Printed-circuit board for the MIDI-to-CV interface.(not available ready-made).
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the +5 V supply via pull-up resistor Rj.

The MIDI OUT socket is connected via
the obligatory 220-Q resistors, R4 and Rs, to
P3.1 and the +5 V line respectively.

Components X3, Cq, and C; are the exter-
nal elements for the internal clock oscillator
of the 8031/8051; their values are as speci-
fied by the manufacturers.

Resistor Ry and capacitor C3 provide the
resetsignal at power-on. The EA terminal, pin
31 of IC;, is connected to earth to ensure that
when an 8051 is used, its internal ROM is
switched off.

Port terminals P1.0-P1.7 are connected to
the digital inputs of digital-to-analogue con-
verter—DAC—ICy. The analogue output of
this device has a potential that is directly
proportional to the digital value at P1.0-P1.7
and the reference voltage at the RIN input,
pin 5, of IC4.

At the reference voltage output (ROUT),
pin 6, of IC4 a constant, temperature-stable
reference voltage of 2.5V is available. The out-
put is connected according to manufactur-
ers’ specification to ground via Cg, to the
+5V line via Ry, and directly to RIN.

Since the analogue voltage range of IC4 is
only 0-2.5 V, and cannot be preset, the out-
put voltage is applied to opamp ICs. The
gain of this amplifier is preset with Py to ob-
tain the wanted voltage range of 0-5 V, cor-
responding to a tone range of five octaves.
Preset P; is a 25-turn helical type to ensure
precise setting of the control voltage.

The outputs of switches SW{-SW, are
monitored by ports P3.2-P3.5. Since these
ports are connected internally to the +5 V
line via resistors, pull-up resistors are not
needed at their input terminals.

When the relevant switch is open, the as-
sociated port is high; when the switch is
closed, the port is low.

The switches serve as channel selectors
(MIDI channels 1-16). When the unit is switched

on, the software ascertains the position of each
of theswitches, which is translated intoa MIDI
channel number. Switch SW has the lowest
value, i.e., 1, and SWy the highest, i.e., 8. The
MIDI channel numbers 1-16 result from the
addition of 1 to the (converted) digital val-
ues 0-15, since the counting in MIDI tech-
nology is from 1 to 16.

Port P3.6 provides the gate signal. To en-
sure that its potential is high enough, the
port is connected to the +5 V line via pull-up
resistor Ry.

Port P3.7 provides the gate indication sig-
nal: it is connected to an LED, Ds, via Rq.
The other terminal of the diode is at +5 V.
This way of operating the diode is advanta-
geous, since the 8031 /8051 ports can draw
higher currents when they arelow than when
they are high. The LED lights when P3.7 is
low.

The +5V supply for the digital part of the
circuit is derived from an unregulated volt-
age of 9-12 'V, available at K3, via protection
diode D and integrated voltage regulator IC;.
The interface also needs a negative and a
higher positive voltage for opamp ICs. In
the present circuit, these were chosen at -3V
and +7.5 V: both these voltages are stabi-
lized by appropriate zener diodes. Note that
the -3 V line can provide a current of only
0.5 mA maximum. It is therefore impossible
to replace the Type TL061 by an ‘equivalent’
type, such as the pA741, TL081 or TLO71,
since all these draw a higher current and
this would damage the -3 V part of the power

supply.

Construction

The entire interface is housed on the printed-
circuit board shown in Fig. 2. Only two wire
bridges are needed: ‘U’ and ‘gate’.

If audio connectors are used for CV-OUT
and Gate-OUT, two jump leads (J; and J,)
mustbeconnected be-
tween K;j and Kj.

channel 1 channel 2

Diode Ds’ must be
soldered between Ky

channel 4

ON ON

1
g
3
g

OFF OFF OFF

ON and Ks. The termi-

nals of this LED
should bebentby 90°.

id If audio connec-

channel 5 channel 6 channel 7

torsarenotused, the
channel 8

ON ON

2.
=
=
L

OFF OFF OFF

CV and gate take-
off, as well as the

ground connection,
are at K. Diode Dsg

ON

OFF

channel 9 channel10

channel1i

must be fitted next

channel12 to Rg. The relevant

ON ON ON

J
A
<
<

OFF OFF OFF

= partof the board not

used may thenbe cut
offalong thedashed

OFF

channel 13 channeli4

channel 15

line tomake the board

channet 16 smaller and more

Eg
Eg

OFF OFF OFF

)
L

oN suitable for fitting into
an existing equip-

ment.

OFF

Note that K; has
two additional sol-
dering points to en-
ablethe useof stereo
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Fig. 3 Setting of MIDI channels with the DIP switches.

connectors for both
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CV and gate.

Test

Do not yet plug in the ICs and switch on the
mains. Check that the +5V (#5%) and +7.5V
(¥10%) supplies are present. If not, ashort-cir-
cuit, adefect capacitor, orone thatis connected
with incorrect polarity, may be the cause.

Switch off the mains and insert all ICs
into their sockets. Switch on the mains and
check that the 3 V (320%) supply is present.
Also, when the mains is switched on, Dg or
Ds' should light briefly to indicate that the
reset routine is effected. If it does not, there
isashort-circuit, defect component, or the LED
has been connected with incorrect polarity.

Set the DIP switch to the required MIDI
channel as shown in Fig. 3 and connect a
suitable MIDI sender to the MIDI-IN socket
ontheinterfaceboard. When thesender trans-
mits on the selected channel, diode D5 or D5,
as the case may be, should light when an
note-on instruction activates the gate signal.
When therelevantkey isreleased, and a note-
off command is thus given, the LED should
go out.

Next, press the reference key, which is
normally C, (MIDI code 36), and check that
the control voltageis 0 V.Ifitis not, jotdown
the difference. Then, press a key five octaves
higher (C3) and adjust P; until the control volt-
age is exactly 5.000 V (or 4.000 V if a four-oc-
tave keyboard is used) plus or minus the dif-
ference noted before.

If the circuit does not operate satisfacto-
rilyand noapparent faultcanbe found, check
whether there is a 12 MHz signal at pins 18
and 19 of the microprocessor (showing that
the internal oscillator functions) and whether
at reset pin 9 the level briefly becomes +5 V
and then drops back to zero when the mains
is switched on. Also, check the board for
short-circuits or breaks of the tracks, whether
all ICs have been inserted properly into their
sockets, and whether the EPROM is of the cor-

rect type.

Switched trigger modification

Some synthesizers do not operate with a gate
signal but with a switched trigger. The wave-
form generatorin these is notstarted by a volt-
age pulse but by a switched contact. To con-
trol such synthesizers via the present inter-
face, an additional 10 k{2 resistor and a gen-
eral-purpose n-p-n transistor should be con-
nected as shown in Fig. 4.

909006-3-50

Fig. 4. Extension circuit for working with switched
trigger equipment.

Reference: The 8031/8731 microcontroller

Elektor Electronics — July 1990, p. 36. u
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HIGH-CURRENT hfg TESTER

A conventional current gain tester is too unreliable for measuring
and comparing the d.c. gain of power transistors because it fails to
set the collector current at a value that reflects the actual working
conditions in, say, the output stage of an audio power amplifier. The
tester described here measures the large-signal gain, hrg, of n-p-n
as well as p-n-p transistors at a collector current of up to 10 A, yet
does not require a bulky power supply.

Complementary power transistors with
matching d.c. gain characteristics are
often used in power amplifiers to prevent
problems with thermal drift, unbalanced
operation and, worst of all, unacceptable
distortion. Similarly, in series-regulated
power supplies, it is often required that
two or more parallel-connected power
transistors have virtually the same gain to
ensure equal current distribution.

Selecting power transistors with
matching gains from a batch is definitely
worthwhile for the above applications.
Two problems may arise, however. First,
the conditions under which the power
transistors are to operate differ consider-
ably from those presented by a conven-
tional he tester. The tester typically
measures the small-signal gain of the tran-
sistor at a collector current not higher than
100 mA or so, while in ‘real life’ the power
transistor may carry up to 100 times more
current, causing its junction temperature
to rise and the d.c. gain to change. This
makes low-signal he testing of little use
for power transistors.

The second difficulty follows from the
first: assuming there is a need to test at
high collector currents {several ampeéres),
the cost and size of a suitable power sup-
ply and a heat-sink for the transistor
under test may be prohibitive factors.
Also, an ammeter to read the collector
current during the test may not be avail-
able.

Principle of operation

The present circuit overcomes the above
problems in an elegant way by pulsing the
collector current at a duty factor of about
0.01. This enables the circuit to be
powered by a supply of modest current
rating—say, 1 A or so. An impractical col-
lector current meter is also avoided by
reversing the principle of current gain
measurement: set a certain collector cur-
rent and measure the (much smaller) base
current that produces it {see the inset col-
umn on the design background). This
measurement is performed during the
‘on’ time of the collector current, and the
values obtained are processed by a

ELEKTOR ELECTRONICS USA FEBRUARY 1991

from an idea by C. Sanjay

sample-and-hold circuit whose timing is
controlled by the same generator that sup-
plies the pulses to the transistor under
test.

Basic test circuit

The basic test circuit for n-p-n transistors
is shown in Fig. 1. Pulses with a duty fac-
tor of about V100 cause T1, T4, T5 and the
TUT (transistor under test) to conduct for
about 1.5 ms and block for about 150 ms.
Because of the presence of a 3.9-V zener

WorldRadioHistory

diode, Dz, transistor T4 limits the voltage
across the collector resistor, Re, of the TUT
to about 3.3 V. If the voltage rises above
this level, Ts is blocked and consequently
the TUT also. The maximum voltage
allowed across Rc thus establishes a con-
stant collector current, at which the base
current may be measured to obtain the hge
value.

Capacitor Cp between the base and the
collector of T4 prevents oscillation in the
current source by allowing some time for
Ts to start conducting. The disadvantage
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Fig. 1.

Basic circuit of the current-gain tester configured for n-p-n transistors. The tran-

sistor under test is allowed to draw a relatively high current with a small duty factor from
buffer capacitor Cp via collector resistor Rc. A sample-and-hold measurement circuit derives
the current gain parameter, heg, from the level of the pulsed base voltage. The test circuit

is in principle the same for p-n-p transistors.

of this form of compensation is that Cp is
briefly connected to a higher voltage
when T4 switches off. However, transis-
tors T2 and T3 prevent current surges
through Ts and the TUT by pulling the
base of T5 to ground in between pulses.

The (high) current that flows through
the TUT during the 1.5-ms long ‘on’ time
is supplied by a reservoir capacitor, Cb.

For p-n-p transistors, the basic test cir-
cuit is duplicated with complementary
transistor types. The same zener diode Dz
and the same power resistor Rc are used,
however, to enable comparative gain tests
to be carried out on pairs of complemen-
tary TUTs.

A sample-and-hold circuit measures
the voltage drop across the base resistor,
Rb, of the TUT. This measurement is per-
formed under the control of the generator
pulses. The output voltage produced by
the sample-and-hold circuit is fed to a
moving-coil meter, M, provided with a
1-to-infinite scale. The indicated value is
multiplied by two factors, the collector
current multiplier and the sensitivity, to
arrive at the hgg value.

Circuit description

Figure 2 shows the circuit diagram of the
hrg tester for n-p-n and p-n-p power tran-
sistors. The pulse generator is formed by
opamp IC1a, which is wired as an astable
multivibrator. Two  series-connected
LEDs, D3 and D4, supply the 3.9-V refer-
ence voltage for the current source. The
red LED, D3, drops about 1.8 V, and the
green LED, D4, about 2.1 V.

The base current drive circuits consist
of T1-Ts for n-p-n TUTs, and T1-Te-T1o for
p-n-p TUTs. Depending on the range se-
lected, the base of the TUT develops a
voltage across one of the six resistors con-
nected to the contacts of switch S3. During
the 1.5-ms long measurement period, elec-
tronic switches IC3c and 1C3d are closed,
while IC3a and 1C3b are open. This results
in the voltage developed across the base
resistor being stored in capacitor C3. The
electronic switches change state during
the ‘off’ period of the generator output
signal, so that the measured voltage exists
with reference to ground and can be fed to
the meter driver, opamp ICiB. Capacitor
C4 smooths the output voltage supplied

WorldRadioHistory
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The static forward current transfer
ratio, hrg, of a bipolar transistor in
a common-emitter circuit is defined
as the ratio of d.c. output current to
the d.c. input current, or

hre= %
b

provided that /ceo, the collector cur-
rent with the base open-circuited, is
much smaller than /c.

In the test circuit,

3.3V _ Unp
Rc and Ib— Tb

o=

Substituting:

hee= IcX Rb
FE= _URb

The values of Rc resultin /¢ values
of1A,2A,3A,4A, 6 Aand 10A.

Examples:
1.When lc=1A; Rb =10 Q and
Urb = 2.5 V (full-scale deflection):

1x10
hre= 55 =4

2. Whenle=1A; Rb=24.9 Q and
Urp = 2.5 V (full-scale deflection):

1x24.9
hre= 25 =10

3. When Ic =3 A; Rb = 249 Q and
Urb = 1.75 V:

_3x249

hre="175 =427

Note:

The d.c. gain parameter, hrg, must
not be confused with the common-
emitter small-signal short-circuit for-
ward current transfer ratio, hie,
which is defined in terms of a.c. as

with the output short-circuited to a.c.
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Fig. 2. Circuit diagram of the hee tester. The contacts of push-button S4 serve to configure the circuit for use with n-p-n and p-n-p
transistors.

WorldRadioHistory
ELEKTOR ELECTRONICS USA FEBRUARY 1991



by the sample-and-hold circuit.

Preset P1 at the output of ICiB serves to
set full-scale deflection on the moving-coil
meter when the base resistor drops 2.5 V.
Note that the meter deflection is inversely
related to the hrg value, creating the need
for a meter scale from infinite (no deflec-
tion) to 1 (full deflection), similar to that
used on an analogue ohm-meter.

The collector currents for the six avail-
able ranges are determined by power re-
sistors connected to the contacts of switch
S2. The circuit is switched from n-p-n test-
ing to p-n-p testing by eight toggle con-
tacts on switch S4.

The power supply of the hge tester is
conventional and based on a three-termi-
nal 10-V regulator Type 7810 (IC2). The
unregulated input voltage to the circuit
should be between 15V and 20 V.

Construction

Start the construction by fitting the six
base resistors (1% types from the E96
series) on the "sensitivity’ switch, 53. Each
of the resistors is soldered between its
terminal on the switch and a common
junction. Resistor R25 goes to the switch
terminal marked ‘1’, R24 to switch termi-
nal "2’ and so on. Next, connect approxi-
mately 10-cm long light-duty wires to the
pole and the resistor junction.

The collector current switch, S2, also
has the associated resistors, in this case
R14-R19, fitted direct at its terminals. Re-
sistor R19 is connected between switch ter-
minals ‘1’ and '2’, resistor Ri8 between
switch terminals 2’ and ’3’, and so on. The
pole of the switch and the last resistor, R14,
are connected to the circuit board by two
5-cm long insulated wires. The respective

= S o3
“
|§ + i |
R1
2
e c
© cse
(3]
-
a
F
T 8 «
0|
c1

Fig. 3.

Track lay-out (mirror image) and component mounting plan.

WorldRadioHistory

HIGH-CURRENT hrg TESTER @

PCB terminals are marked ‘A’ and 'D’.
Fit the ten wire links on the printed-cir-
cuit board as indicated by the component
overlay (see Fig. 4). Next, fit all parts on
the board as indicated by the parts list and
the component overlay.
LED D4 is not fitted on the board, but

COMPONENTS LIST
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m TEST AND MEASUREMENT

connected to it via 10-cm long wires. The
LED is an used on the front panel as a ‘test’
indicator that flashes when the associated
button is pressed.

The vertically mounted power transis-
tors, T5 and T10, and the voltage regulator,
IC2, do not require heat-sinks. Use IC soc-
kets for the TLC272 and the 4066. The
completed printed-circuit board and the
wired range switches are shown in Fig. 5.
All wires are soldered direct to the
board—solder terminals must not be
used.

Testing

It is recommended to test the completed
board before fitting it into an enclosure.
Connect the moving-coil meter, the three
switches and the power supply (15~
20 VDC) to the board.

Temporarily disconnect R30 from pin 1
of IC3, and connect it to the junction of a
voltage divider that supplies 2.5V (e.g., a
1-kQ resistor and a 500Q preset connected
between the +10-V line and ground).
Switch on and check the output voltage of
the potential divider. Adjust the preset
until +2.5 V is produced. Next, adjust P1
for full-scale meter deflection. Remove the
potential divider.

Connect an oscilloscope and check the
presence of a 10-Vpp rectangular signal at
pin 13 (negative-going) and pin 12 (posi-
tive-going) of IC3. Because of the small
duty factor of the signal, it may be necess-
ary to switch the input of the scope to
DC-coupled.

Connect a test transistor to the circuit.
Check that the two LEDs drop 3.9 V or a
voltage within 10% of that value. If they

Fig. 4.

do not, use other LEDs (e.g., a high-effi-
ciency type for the red one).

Finally, connect R30 to pin 1 of IC3
again.

Assembly

The instrument is relatively simple to
build in an aluminium enclosure Tvpe
LC850 from Telet. A ready-made front
panel (Fig. 7) finished in light and dark

Completed PCB ready for fitting into the enclosure.

blue is available to give the tester an at-
tractive appearance, in line with previous
instruments in this series.

First, remove the existing scale from
your moving-coil meter and replace it
with the scale cut out from the front panel
foil. Carefully re-assemble the meter and
connect short wires to it.

Next, cut and drill the metal front
panel of the LC850 case, using the drilling
template supplied with the front panel foil
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Fig. 5.

WorldRadioHistory

ELEKTOR ELECTRONICS USA FEBRUARY 1991

For your reference: hee curves of three well-known power transistors (courtesy Harris Semiconductor, formerly RCA).



to mark the holes.

Before applying the self-adhesive foil
to the metal front panel, make sure all
drilled holes have the right diameter. This
is easily checked by temporarily fitting
the front panel controls, the two LEDs (the
‘power’ indicator and the ‘test’ indicator),
the three wander sockets and the meter.

The pnp/npn switch, S4, secures the
PCB to the front panel. Determine how far
the PCB can be moved towards the front
panel without the rear side of the meter
touching any component on the board.
Check that you can secure the switch to
the front panel with the aid of the locking
nut at the inside and the threaded cap at
the outside. Mark the final position of the
board on the bottom plate and drill the
four holes for the M3 screws in the cor-
ners. Use short PCB spacers or a couple of
nuts and washers to fit the board at the
correct height above the bottom plate.

Next, remove all parts from the front
panel, and carefully apply the self-ad-
hesive foil. The two 3-mm LEDs are glued
in position at the rear side of the panel.
They do not protrude from the front panel
foil.

Fit the range switches (complete with
the resistors soldered at the terminals),
the wander sockets, the ‘test’ push-button,
the on/off switch and the meter on the
front panel. Cut the spindles of the range
switches to the required length, and fit the
collet knobs. The second pointer on the
collector current switch, a small solid
triangle, is applied as a rub-off symbol on
the collet.

Secure the PCB on the bottom plate of
the enclosure. Next, fit the front panel
with all parts on it. Secure it to the case
with the four self-tapping screws sup-
plied. Finally, tighten the threaded cap of
the npn/pnp switch.

The remainder of the wiring work is
straightforward. The ‘power’ indicator, a
3-mm LED, and the associated on/off
switch are connected to a DC adapter
socket on the rear panel of the enclosure.
A 1-kQ series resistor is used for the LED.

HIGH-CURRENT hyg TESTER

Fig. 5.
to the terminals of the rotary switches.

The input voltage connections are made in
light-duty red and black wires.

Practical use

A few points must be made as regards the
use of the hge tester. First, always make
sure the n-p-n/ p-n-p switch is in the right
position. You may destroy a transistor if
you do not stick to this rule. Second, make
sure you get the emitter, base and collec-
tor terminals right. Third, always start the
test in the lowest collector current range,
1 A, and the lowest sensitivity, 1x. In-
crease the sensitivity until a usable meter
indication is produced. The hge value is
calculated from

meter value x I multiplier x sensitivity

Familiarize yourself with the operation of

A look inside the completed prototype. Note that the resistors are soldered direct

the instrument by measuring the current
gain of a few power transistors from your
junkbox. The curves in Fig. 6 show the
relation between the collector current and
the current gain of the well-known
2N3055 and the complementary pair
TIP31/TIP32. Bear in mind the maximum
collector current of the transistor under
test—a medium-power transistor such as
the BD139, for instance, will almost cer-
tainly be destroyed when the tester is set
to the 10 A range.

Having built the instrument you are in
a position to select matching pairs of com-
plementary power transistors for your
next power supply or AF amplifier. Be-
cause of the low duty factor of the collec-
tor current passed through the transistor
under test, it is not normally required to
fit this on a heat-sink, not even while test-
ing in the 10 A range. .

900078-F

Fig. 7.

appearance. The meter scale is cut out from the foil and applied to the moving-coil meter.

WorldRadioHistory

This front panel foil (shown here at 66% of true size) is available ready-made to give your current gain tester a professional
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SUGGESTED TOPICS

I received the invitation to subscribe to
your publication. There are some things I
wish to see published in your magazine
and possibly presented as kits. I have
worked on sophisticated communications
and airborne navigational systems and
have used a lot of expensive test equip-
ment, such as Tektronics, Hewlett-
Packard, Ballentine Labs, and Western
Electric. I long for the day when I can
own such gear, but the cost is too high.

I would like to see articles on a spec-
trum analyzer, a good AC voltmeter, a
frequency selective voltmeter, an inter-
modulation distortion meter, a digital
VSWR meter, a low-distortion audio fre-
quency generator, and an FM deviation
meter. Other items of interest would
include anything that will use the flat,
square 12GHz antenna to pick up
satellite communications.

Maybe some readers have developed
ways to adapt consumer electronic de-
vices for other uses. I have a tuner from
a television receiver that tunes the whole
VHF TV spectrum. It uses the ever
popular varactor diodes. I have always
wondered if it could be the heart of a
spectrum analyzer. I have been unable to
get any information about this tuner.

Since my recent return to the US, I
have tried to get training in consumer
electronics. Most of the consumer devices
I have repaired are quite simple com-
pared to what I am used to working on. I
have found one consumer device that
puzzles me, though. This is the VCR.
Although it uses sophisticated electronics
and servo systems, the mechanisms are
Stone Age. This is where 80% or better
of all VCR problems originate. Do you
plan to do any articles on VCR
technology? Or even video equipment?

Computers are nice, but for me, the
only computer I own is a video game. I
hope my letter may suggest articles and
kits helpful for techs like me.

Richard McCleary
Jacksonville, FL 32210-8202

Fair Radio Sales (Box 1105, Lima, OH
45802) and other outlets offer fine choices
in used, high quality military test gear. [Ed.]

A HAPPY READER

Thank you for your unique publications.
Since subscribing to your various maga-
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zines in 1987, I have learned much about
high fidelity and electronics in general.
Glass Audio is especially impressive, and
should be published quarterly.

Your new journal, Elektor Electronics, is
long overdue. If it is anything like Audio
Amateur, it should give the serious
builder more challenging and useful proj-
ects than what is currently offered by
magazines such as Popular Electronics.

Your Old Colony book service is also
excellent. I recently purchased the first
three volumes of Audio Anthology. These
books contain some of the best informa-
tion on valve {tube) circuits that I have
seen. Would it be possible for Old Colony
to print a valve data manual? They are
hard to find.

In the future, would you consider arti-
cles on musical equipment modification
and design? There are many samplers,
drum boxes, and keyboards that could
benefit from such projects. An article on
digital reverb construction would also be
useful.

Peter Carli
York, PA 17403

Having learned that Howard Sams & Com-
pany was allowing the Tube Substitution
Handbook to go out of print, and as usual
carrying utmost in its heart the well-being of
tube enthusiasts such as Peter, Old Colony
snapped up reprint rights for that venerable
classic {$6.95). [Ed]

THEM vs. US

I recently became a subscriber to your
magazine and in general I like what I
see. I particularly agree with the editorial
""Getting Evolved'’ in the December 1990
issue. I have always liked the European
way of drawing schematics; I believe
theirs far eclipse the often confusing and
convoluted presentations we call sche-
matics, and I have been in the engineer-
ing world about 36 years, although I am
now retired.

The Europeans also come up with much
more imaginative projects than we seem
to have in the US. I have been a ham for
46 years (W6VAT) and get tired of seeing
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dozens of articles on Pi-networks, three-
terminal regulator supplies, and vertical
antennas in the usual run-of-the-mill ama-
teur magazines.

As an author myself (since 1961), I have
always tried to make my articles interest-
ing, attractive, and above all buildable
when they involve project construction.
Here is where I have a criticism about
using European parts. Most letters I re-
ceive on my construction articles ask,
""Where can I get such and such a
part(s)?"’

I know this frustration well. I am in-
terested in building the ''Milliohmmeter’’
by A. Rigby in your December 1990
issue (p. 27). But where do I find
BD139s, BC547Bs, TLC271s, 272s, and
LM336-2.5s? I may be able to find NTE
equivalents for the transistors, but even
though I live near National Semiconduc-
tor in Silicon Valley, I know of no local
store that stocks the LM336-2.5 diodes.

I know you plan to publish a cross-
reference list between our parts and
theirs, but it has been my experience that
space limitations keep these lists shorter
than they should be. Please accept this
criticism in the vein offered. Your maga-
zine is certainly not the first, nor the last,
to be guilty of this omission.

I also recommend you keep your ar-
ticles on theory coming. The two on
transmission lines, Hart and Whitehead,
in your December issue will find eager
readers, particularly those who do not
lean heavily on mathematics. I have
received any number of letters asking for
just this kind of information.

Again, your magazine appears to be
heading in a good direction. You are to
be complimented on it.

James G. Lee
San Jose, CA 95129

We Enjoy Hearing From You.
Elektor Electronics USA is a place for
readers to meet and discuss ideas, proj-
ects, and challenges. When you write,
please include an SASE if you expect a
reply. If the author lives outside of the
US, please include two International
Postal Reply coupons (available at your
post office) instead of stamps on your
envelope. Because of space limitations,
we do reserve the right to edit all letters.
Although we read and note all letters,
only those of general interest are se-
lected for publication. When respond-
ing to an article, please cite the name of
the magazine, article, letter, department,
and the page number. Address all cor-
respondence to the Letters Depart-
ment, Elektor Electronics, Box 576,
Peterborough, NH 03458.
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is at the discretion of the Editor and all letters
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ing for publication.
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““““““““ ' {1 x 8748H) Budget sweepffunction 900040 14.00 | Audio input selector 904039 12.50
Databook 3 . ..........iiiiiii..s $17.95 | Microcontroller- 702 95.00 5,6,9/88 generator Search time monitor 904052  8.00
Microprocessor Data Book . ......... $17.90 driven power Centronics ADC/DAC 9000370 30.50 JANUARY 1991
supply Transistor characteristic 900058 9.50
(1 x 8751) ! Logic analyzer (1) 900094-4 18.00
PROJECT No. Price  lssue | plotting bus board
s utonomous /0 704 95.00 12/88 SWR meter 900013 6.00
i F 50 89 controller JUNE 1990 Y
All solid-state  890170-F1 33, b (1 x 8751) Electronic load simulator 900042 24.00 | FEBRUARY 1991
preamplifier 890170-F2 18.50 1/90 ) N Mini EPROM viewer 900030 38.00 "
LF/HF signal 890183-F 18.50 12/89 Video mixer 5861 20.00 1-4/90 Power zener diode UPBS1  4.00 Logic analyzer (2)
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Video mixer 87304-F 3300  1-4/90 3 - - Il d
Q meter 900031-F 23.00 4/90 sunshine recorder Compact 10A power 900045 23.00 Muttifunction measure- 900124-1  48.00
ment card for PCs
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TERMS OF BUSINESS

PRICING

Prices, except as noted, include shipping in the con-
tinental USA. The minimum order is $10. A $2 ser-
vice charge will be added to orders of less than $10.
Prices are subject to change as our costs change. WE
RESERVE THE RIGHT TO MAKE PRICE CHANGES
WITHOUT NOTICE.

ORDERING

Please use the ORDER FORM provided and include
part number, quantity and price. Please print clearly
and include your Magic Number if you are a sub-
scriber. Please include a ZIP code in your address.
The ORDER FORM is designed to help us quickly
and accurately process your order. We reserve the
right to refuse mail orders not made using the ORDER
FORM or orders under the $10 minimum.

TELEPHONE ORDERS

Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EST, Monday-Friday. Orders
for parts are to be made on the ORDER FORM pro-
vided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS (603)
924-6371 or 924-6526. Our answering machine for
MC/VISA orders during non-business hours is (603)
924-6371. FAX: (603) 924-9467 {24 hours).

PAYMENT

All remittances MUST BE IN US FUNDS. Payment
for telephone orders must be made by MasterCard
or VISA. Mail order payment may be made by MC/
VISA, money order, cashier's check or personal
check. If payment is made by personal check, allow
up to two weeks for check clearance before your
order is shipped. Should a check be returned for any
reason, there will be a $10 service charge.

SHIPPING

Unless noted, freight is prepaid by Old Colony.
All orders shipped USPS first class mail or by UPS.
Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling (UPS

next day or second day). UPS requires a street ad-
dress. If you cannot receive UPS delivery, please in-
clude an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery
of uninsured Parcel Post shipments. Absolutely no
COD shipments.

BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge for the US is $2.00, plus
75¢ each additional item. In Canada, please add $4.50
for the first item, 75¢ each additional. No returns.
According to the Connecticut Dept. of Revenue Ser-
vices, Regulation #27, Section 12-426-27, in order to
sell software to residents of Connecticut, we must
register with the department as well as collect taxes
for the state from the purchaser. We regret to inform
our customers that we will not sell software to anyone
from Connecticut, as it will prove to be too costly and
burdensome.

OVERSEAS ORDERS
For orders to be shipped outside North America, add
20% to the total order to cover shipping.

RETURNS
If you wish to return all or part of an order for any
reason, please call or write first. If we are in error,
correction will be made promptly, without charge.
If the error is not ours, adjustment will be made
at our discretion. We will send you a return au-
thorization label. A restocking fee of 20% will be
charged on returns. Merchandise considered not fit
for resale will be returned without credit or refund.
A $2 fee will be charged on exchanges. All returns
must be made within 30 days of invoice date.
Books, software, CDs, and recordings are not eligi-
ble for return or refund.

WARRANTY

We warrant that all items sold conform to the qual-
ity and specifications set forth. We make no represen-
tations. We accept no responsibility whatever for fur-
ther use by the customer. We accept no monetary

liability in excess of the original cost or replacement
of the material if originally defective or damaged in
transit.

PATENTS

Patent protection may exist in respect of circuits,
devices, components, and so on described in our
books or magazines. Elektor Electronics USA does not
accept responsibility or liability for failing to iden-
tify such patent or other protection.

COPYRIGHT
All drawings, photographs, articles, printed circuit
boards, EPROMs, software, and cassettes published
in our books or magazines {other than in third-party
advertisements) are copyright and may not be repro-
duced or transmitted in any form or by any means,
including photocopying and recording, in whole or
in part, without the prior permission of Elektor Elec-
tronics USA in writing. Such written permission must
also be obtained before any part of these publications
is stored in a retrieval system of any nature.
Notwithstanding the above, printed circuit boards
may be produced for private and personal use without
prior permission.

LIMITATION OF LIABILITY

Elektor Electronics USA shall not be liable in contract,
tort, or otherwise, for any loss or damage suffered
by the purchaser whatsoever or howsoever arising
out of, or in connection with, the supply of goods or
services by Elektor Electronics USA other than to sup-
ply goods as described, or at the option of Elektor Elec-
tronics USA, to refund the purchaser any money paid
in respect of the goods.

LAW

Any question relating to the supply of goods and ser-
vices by Elektor Electronics USA or its subsidiaries
shall be determined in all respects by the laws of the
United States of America and/or the State of New
Hampshire. »

BOOKS FROM ELEKTOR ELECTRONICS USA

301 CIRCUITS

issues of Elektor Electronics.

ISBN 0-905708-12-2

This book follows the theme of the first in this series, 300 Circuits (now out of print).
It contains over 300 assorted circuits first published in the 1979, 1

The circuits from the simpie to the more complex and are described and ex-
mmmdlanguage The book is a comprehensive source of ideas
and construction projects for anyone interested in electronics.

The final part of the book deals with a number of computer chips, such as memory
devices (including programming information for these) and /O circults. This section
alsonndudesda‘t:el?nanumbefofmndngmldmeteandlmmeddwms such

as op amps, as as on some microprocessor peripherals (e.g., the 6522 VIA, the
6580 ACIA, andlhe8355APPl) pen S

Prleo $16.50

, 1981 summer

ISBN
BKAA14

BKAA11 Price $12.50

mCIRCUITS
larity of this book is shown by its having been reprinted no fewer than three
offers a selection of the most interesting articles from the 1962, 1983, 1984
summerm:esofEIakmrElaotmmcs

In it you will find circuits for audio and video; car, cycle, and ; home and
garden; receivers and aerials; hobbies and games; measuring and testing; oscillators
and generators; current sources and wpplnes,muoeompmers music elec-

tronics; and a miscellany of other |ntenewng subjects.
18BN 0-905708-25-4
BKAA12 Price $12.50

303 CIRCUITS

doas, canoopts, and dovekoomocs nthe Gamt of Sockomics, Unike s procksssstre
in its

thebooklsam:ngedmﬂ sub;ectsecbonstomakeneaseriorthereadertoﬁnd

that long-sought circuit.

In well over 300 mebookofm&AudmandHrHEmpas 14 circuits for
Car and Bicycles; 43 & Microprocessor circuits; 1 ic projects;
24 HF and VHF circuits; 16 circuits for a number of hobbies and 'mes;54proi-
ectseramandGaruen 29 Power Supply circuits; 29 circuits for Test and Measure-
ment equipment; nmeTVanandeopro,ects aswellas4ZDeagnIdeas
ISBN 0-905708-82-2
BKAA13 Price $15.90

DATA SHEET BOOK 2
Ukeitsproqecessog(nwmnofpnt;m;'MSbookoﬂerseonaserelwan and rapidly
accessible information i practical (e.g., the pin-out of a device) and

mbookoomamsdamommegmedurwnsaswdlasmdMennsmand

diodes. Moreover, it dvesanmtroducﬂontofast(HCMOS;devmesandawof
mmwmmmmmn&mw Section 21 (IEC Stand-

DATABOOK 3: PERIPHERAL CHIPS

This book lists the most important design data of peripheral chips whose type numbers
andfunchonsrelatememunambmlytoammopmmthesarmfamny Al
listed devices form part of families on widely used microprocessors or microcon-
trollers. Their most evident application will therefore be in conjunction with the
associated mi This should, however, not be taken to mean that a
penpheralcannotbeusedlnanoﬂ'berapplcabon Far from it, as witness the familiar
typeMC146818Areal—umedockmdmetypeM068450amod&faymbeconuoller
It deserves a piace on the bookshelf of anyone concemed with the design, maintenance
and servicing of microprocessor-controlled electronic equipment.

ISBN
BKAA1S Price $17.95

MICROPROCESSOR DATA BOOK
This book has come about because of a need by Elektor Electronics engineers, techni-
cians, and editorial staff of a ready reference work on the most important
microprocessors. This implies that it does not only contain information on the latest
deweessuchashetransputerbutalsoonolderwell-estabi types, such as
the Z80 and the 6800

Ageneraldescnphon hardware block schematic, software structure, DC character-
istics, and instruction sets are given for over 70 mi . To prevent the book
frombecomingunwneldy(andto emostsdown),umn dlagmmsandACchamcter-
istics have, however, been led information on all manufacturers men-
tioned will, howeverenableanyaddmonallnfonnanontobeobtalnedqunereadny
Included in the book are, among others, the 68000 series; the 6502 family; the Z80,
8080, and 808S5; intel's 8086, 80186, 80188, 80286, and 80386; the NS32XXX series,
andlhelNMOStransputets

ISBN 28-9
BKAA16¢ Price $17.90

BKAAZ/1 BKAA11, BKAA12, BKAA13: all 3 for $35 (Save $5.95)
SPECIALS! BXAAZI2 BKAA14, BKAA1S, BKAA1E: all 3 for $45 (Save $7.35))
BKAAZ/8 Complete Elektor library: all 6 for $70 (Save $23.251)

These books are all available direct from Elektor Electronics USA through the Readers Services, from a number of bookshops and electronics retailers in the US and Canada,
and from selected bookshops throughout the world. Special prices are those of EEUSA only.

ELEKTOR ELECTRONICS USA FEBRUARY 1991

WorldRadioHistory




FOR SALE

Teflon sleeve, 0.028" inside diameter (22AWG) extra-thin
wall (6 mil wall thickness) for insulating component leads
and conductors. Clear, non-shrinking high temperature
make your own Litz wire, 40 cents/foot. $1.00 postage. B.
Hefner, Box 6601, Newport News, VA 23606, no phone.

Sony SUTT 2000, $250; Parsec Beambooster, $40; Pan-
asonic B&W TV camera WV-1410 with lens, $200; new
TDK P6-60MP 8mm tapes, $4.50; Recotron FREDII, $50;
Nakamichi LA-100, $50; Blaupunkt Frankfort, $99;
AudioSource LS-ONE, $89 pair; Sony DT-4 with acc.,
$165; Toshiba T-1000 with additional 768K board, $650.
Michael, (703) 641-5824.

Superphon Revelation dual mono preamp latest new,
$250; Altec 9860A studio active equalizers ¥a-octave 2c
steps per channel Lo-Hi filters perfect, $95 each; Elec-
trovoice 15TRX MK II triaxials mint, $170 pair; JBL N2400
mint $45 pair; Thorens TP13 arm with lift on TD150 arm-
board, mint, $35. Horace Vignale, (703) 578-4929.

TRADE

WE SELL MORE HIGH PERFORMANCE SPEAKER
KITS than anyone in the US Complete line of raw drivers,
crossover components, etc. Free catalog. AUD/O CON-
CEPTS, INC. 901 S. 4th St., La Crosse, W! 54601, (800)
346-9183. T7/91

| MAKE CIRCUIT BOARDS THE NEW, EASY WAY

A -~

plain paper copier or laser printer

5-Sheets for $3.95
add $1.25 postage

=
WITH TEC-200 FILM
JUST 3 EASY STEPS:
= Copy circuit on TEC-200 film using any

SATISFACTION GUARANTEED
convenient 8%2 x 11 size

10-Sheets only $5.95

NY res. add sales tax

The MEADOWLAKE Corp.
Dept A, P.O. Box 497, Northport, NY 11768

)

* |ron film on to copper clad board
* Peel off film and etch
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CLASSIFIED ORDER FORM

PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD.

1 2 3 4 5 6 7 8 9 10
1" 12 13 14 15 16 17 18 19
21 22 23 24 25 26 27 28 29
31 32 a3 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50

O Private For Sale

O Private Wanted

[J Trade

If Trade please indicate # of insertions.

Private ads are on a one time insertion basis. Must be resubmitted for renewal. Ads cannot be taken over the phone.

Definition of a word: A series of letters with a space before and after. Please remember to include your name, address and telephone
number when making calculations. In order for Private For Sale and Want ads to be free you must be a current subscriber. Ten dollar
minimum charge for charge card orders and Trade ads.

Any words over 50, 20¢ per word; Trade ads please charge at 70¢

per word and indicate number of insertions. Deduct 10% for a 6x

contract; deduct 15% for a 11x (year) contract in Elektor Electronics

O Check/Money Order enclosed

USA. Payment must accompany first ad. WL
Please charge to my MasterCard/Visa: COMPANY
CARD NUMBER EXP. DATE STREET ADDRESS
SIGNATURE CITY STATE 2IP

Mail or FAX (603) 924-9467; Elektor Electronics USA, PO Box 876, Peterborough, NH 03458-0876
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Announcing Old Colony Sound Lab’s

- SUPER ““SAVE YOUR INVOICE"’ SALE!

[

That’s right! When you order from Old Colony from now through June, be sure to save
the invoice which comes with your shipment! It’s worth cash! In July or August, you
may subtract 10% of the invoice’s bottom line from any order of double or greater
value—in addition to any other discount which may apply!

For example, if you placed an order for $50 worth of products now, in July or August

you would be eligible for a $5 credit (10%
or more (double or greater the amount of

BUT PLEASE

of your earlier order) on any order of $10
your credit)!

REMEMBER:

YOU MUST SUBMIT YOUR ACTUAL PREVIOUS INVOICE WITH YOUR
NEW JULY OR AUGUST ORDER, SO BE SURE TO SAVE IT!

SEE OUR ADS ELSEWHERE IN THIS ISSUE
AND ORDER TODAY!
START YOUR SUMMER SAVINGS NOW!

Your Ideal Loudspeaker Hasn’t Been Built Yet....

Loudspeaker theory is younger, spottier, and more volatile than almost any of
the fields of audio electronics. And the changes come almost daily. Ten years ago,
we decided that loudspeakers were a topic worthy of their own periodical. Since
then loudspeaker enthusiasts, from neophyte beginner to folks with doctorates working
in space or defense have been meeting regularly in Speaker Builder to explore, design,
build and share their enthusiasm and expertise.

The result is a truly remarkable magazine. Speaker Buslder goes bi-monthly to
over 10,000 subscribers all over the globe. The friendly atmosphere of interchange
shapes the articles, the hundreds of letters, the updates of older designs and the
new breakthroughs, whether you are talking about Thiele/Small design software, a
$50 measurement mike good enough to compare with the professionals, a Doppler
radar gun to check what the cone of the driver is doing, or whether wool or syn-
thetics are better stuffing material for a new PVC pipe transmission line.

Speaker Builder is full of news about new drivers made all over the globe: from
matched pairs of woofers, ribbons, inverted dome tweeters and much, much more.

T GEED SRR WINED G RN EED UReS SUNN GALS GMEL GHED NG SEED SRl GHED SIS SEIn M GED GAGR Ghhe SAER MEm my

Send me Speaker Builder _____ one year (six issues) for $25. ____ two years for $45

____ I'm enclosing check/money order. Use my Mastercard or VISA.

I understand that my subscription will start with the first issue published in 1991, '
and that each year's subscription will end with the last issue of that year.

Canada add $4 postage per year. Remit in US § only.

The loudspeaker enthusiast sees a rich variety of parts, crossovers, drivers, boxes,
connectors—indeed, everything he or she needs to build just about anything that
can be hooked to a power amp to make beautiful sound.

No loudspeaker format except perhaps gas flames have been neglected in Speaker
Builder’s pages: electrostatics, ribbons, closed and vented boxes, transmission lines,
horns, Isobariks, subwoofers of every sort, as well as wall-mounted, automotive,
and ambience enhancing surround types. The shapes too are legion: pipes, polygons,
dipoles, triangular, folded and even stiffened kraft corrugated boxes.

We're so sure that if you are a loudspeaker enthusiast you’ll love Speaker Builder
that your subscription is covered by our ironclad guarantee: All your money back
if you are not satisfied with the magazine. Fill in the form below and mail or
FAX it to us to begin your Speaker Builder subscription. Then, very probably, the
loudspeaker of your dreams, can become a reality. Do it today.

MC/VIBA

NAME

BTREET & NO.

CITY BTATE ZIP

AUDIO AMATEUR PUBLICATIONS PO Box 494, Dept E91

ELEKTOR ELECTRONICS USA FEBRUARY 1991

Peterborough, NH 03458-0494

(603) 924-9464 FAX (603) 924-9467
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TUBES * PARTS * SUPPLIES
YOUR COMPLETE SOURCE

TUBES: SUPPLIES:
3000 audio, receiving and indus- Chemicals, test equipment, wire,
trial types in stock, including early batteries, tools, etc.
and foreign types. Discount
prices! LITERATURE:
Extensive offering of literature and
CAPACITORS: books on antique radios, hi-fi,
High voltage electrolytic and mylar communications equipment,
capacitors for tube circuits. tube data, and circuit diagrams.
TRANSFORMERS: PARTS:
Hard-to-find power transformers, Resistors, lamps, tube sockets,
audio transformers, and filter potentiometers, grill cloth, knobs,
chokes for tube equipment. vibrators and more.

“Write or call for our 28 page wholesale catalog”

ANTIQUE ELECTRONIC SUPPLY
——g \

6221 S. Maple Avenue, Tempe, AZ 85283, Phone (602) 820-5411, FAX (602) 820-4643

~..P Pmcomm ® Enduring Value
HandiPacket "CEoNYHotOS =T

Current Software Today and Tomorrow

V- 4 '*_u ® Advanced Technology
L
A

-

Only 1.3" X 2.6" X 4.5"

All Metal Case User Serviceable Parts

Open Squelch DCD _ ¥ Large 0.5 AH Battery Builtin
NOW YOU CAN HAVE YOUR PACKET... AND TRAVEL TOO!

* “Open Squelch” DCD circuitry for faster, more reliable per- NOW s 95
formance « Compact size w Attaches to your belt, handie- ONLY 2

talkie or handheld computer # Rugged construction with superb ®
RF shielding (no birdies in your radio)  Standard battery pack

provides over 12 hours of operation * Advanced Personal Mait For complete info & specilications
Box & KISS mode included 32 k-bytes of RAM % Complete Call (813) 874-2980 ' To Order. Call
with belt clip, cables, battery pack & charger, comprehensive Toll Free: 1-800-223-3511
manual # 30 day money-back / One year warranty parts & labor Major Credit Cards Accepted!

P S e S S S D G D ED I D D GED D D GED G D GED G GED D SN G D G SED GED GED GED GED GED GED GED S e 4

PacComm e« 3652 West Cypress Street o Tampa, Florida 33607

MONEY BACK GUARANTEE! Add $4.00 shipping/handling per order. FL residents add 6% sales tax.
Major Credit Card give number. expiration and signature. FAX: 813-872-8696

i

= Please send O HandiPacket O More Information O FREE Catalog
| Name — Call S
I Address Ph# B

: State _ Zip Card# : Exp. Date —
|

i
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‘“Recommended for music lovers and audiophiles who want to know more about
the physics of musical sounds.’’—Stereo Review

FUNDAMENTALS OF MUSICAL ACOUSTICS

by Arthur H. Benade

Fundamentals of Musical Acoustics is a landmark book in its field, hailed for its
astonishingly clear, delightfully readable statement of everything of acoustical im-
portance to music-making. Though directed primarily to the music student who is
taking an acoustics course, it is must reading for all musicians, music lovers and
audiophiles eager to expand their musical horizons.

This book deals extensively with the fundamental modes of sound production and
with the special sound-producing properties of musical instruments in common use
today—as well as the human voice. It further explores the critical roles played by
the room and by the hearer's auditory apparatus. The basis of scales and harmony
and the craft of instrument-making are also discussed in this masterly text, which
includes numerous illustrations, bibliographical information, and a stimulating sec-

———

tion of “Examples, Experiments, and Questions’ at the end of each chapter. 1990, 608pp., 6%" x 9%," ... BKD-5  $15.95
YES! '
Please send me NAME - ;

OLD COLONY ~— = o°@®15% —— e
SOUND LAB FEEE —— = T ]
PO Box 243, Dept. E91 LCJEC — — ]
Peterborough, NH 03458  POSTAGE & HANDLING: In US, please add $2.00 for first book ’
24 Hours: Tel. (603) 924-6371 ﬁ%rgséoﬁ(%;dg;gn:jggg:éﬂrbs;g:g:;;g;%%g&g amc avisa 0 CKIMO 4
FAX (603) 924-9467  of total order for shipping. 1
<

THE CURE FOR
WIMPY SOUND

The world’s best loudspeaker book should be on your shelf
if you are serious about speaker systems

Here in one place are all the definitions for closed or vented boxes,
woofers, passive radiators, transmission lines, how to do
cabinets and choose drivers. What to do about crossovers.
How to build and test your project. *'...The best single reference
available.”” Robert M. Bullock, Ill, Professor of Applied Math.,
Miami University, Oxford, OH; Contributing Editor, Speaker Builder.

8% x 11 format, 82pp., softbound $19.95 £

Order Today! Sendme ____ copies at $19.95 {
Add $1.75 postage and handling per book. MC VISA CKIMO i

MC/VISA EXP | A

Name

Street & No

City State Zip
3 Please send me Old Colony's FREE catalog of audio books, kits, and software.

OLD COLONY SOUND LAB PO Box 243, Dept. E91 |
Peterborough, NH 03458-0243, (603) 924-6371 FAX: (603) 924-9467 1
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THE R.F. CONNECTION
213 North Frederick Ave, #11
Gaithersburg, MD 20877

ORDERS 1-800-783-2666

INFO 301-840-5477 FAX 301-869-3680
“'THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"’
“Specialist in RF Connectors and Coax”

Part No. Description Price
PL-259/USA UMF Male Phenolic, USA made $ .70
PL-25/ST UHF Mate Silver Teflon USA 150
uG-210/u N Male RG-8, 213, 214 Detta 3.25
uG-218/U N Male RG-8, 213, 214, Kings 5.00
9913/PIN N Male Pin for 9913, 9086, 8214

Fits UG-21 D/U 8 UG-21 B/UN's 1.50
uG-210/9913 N Male for RG-8 with 8913 Pin .95
uG-218/9913 N Male for RG-8 with 9913 Pin 575
UG-146A/U N Male 10 SO-239, Teflon USA 8.00
uG-83B/u N Female to PL-259, Teflon USA 6.00

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE

VISA, MASTERCARD, ADD 4%
UPS C.0.D. ADD $3.50 PER ORDER

P-C-B ARTWORK MADE EASY |
Create and Revise PCB's in a Flash

* HERCULES, CGA, EGA, VGA

* HELP SCREENS

* ADVANCED FEATURES

* EXTREMELY USER FRIENDLY

* AUTO GROUND PLANES

* DOT- MATRIX, LASER and PLOTTER ART
* CREATE YOUR OWN FILMS with 1XART
*1YR. FREE UPGRADES

* LIBRARIES

REQUIREMENTS: IBM PC or Compatible, 384K RAM
DOS 3.00r later. 1BM compatible printers.

PCBoards - layout program 99.00

(PCBoards HP or HI PEN PLOTTER DRIVER 49.00)

PCRoute - auto-router 99.00

SuperCAD - schematicpgm. 99.00

Demo Pkg. - (includes all 3 programs) 10.00
Call or write for more information

PCBoards
2110 14th Ave. South, Birmingham, AL 35205
1-800-733-PCBS / (205) 933-1122

In 1988, Madisound Speaker Components processed
20,000 orders.

VIFA DYNAUDIO PERFECT LAY
FOCAL MB QUART SIDEWINDER
PHILIPS AUDAX ELECTROVOICE
EUROPA PEERLESS SLEDGEHAMMER
MOREL SOLEN

KEF ETON
Doesn'’t your hobby deserve these fine product lines?

MADISOUND SPEAKER COMPONENTS
8608 University Green
Box 4283, Madison, WI 53711
Phone (608) 831-3433 FAX: (608) 831-3771

Courteous Service -+ DiscountPrices - Fast Shipping

INLIELEGCT RONICSICORD

P.O. Box 567 » Van Nuys, CA 91408

**New * * FLASH UNITS
This NEW compact

Rubicon CE
flash unit comes from A /’ 210 Mfd 330 Voit
a U.S. manufacturer - R 4/ gh%‘ofmh:hxmac:‘tlovr.‘
o ) ., 19" 5
of cameras. Unit ‘\I[FHL +~ g
41

operates on 3 Vdc (73 These are new capacitors
and measures @o Pt that have been prepped with 1.4°
212 X1 14, e AN blackand red wire leads soldered

Ideal for use as a strobe, to the terminals.
warning light or attention CAT# PPC-210 $1.25 each
getter. Complete with instruction on how to wire. 10 for $11.00 « 100 for $100.00
CAT# FSH-1 $3.75 each 10 for $35.00 Large quantities available.
INSTRUMENT POWER SUPPLIES
ENCLOSURES vaes AMP

r,z,,.—-b]

High quality molded L ACDC Electronics
ABS instrument #5N3-1 New,

enclosures. Integrated S prepped power

PC board standotffs ~J supply with wires

and two sets of vertical i and connectors soldefed to the Inputs and
mounting slots for outputs. Open frame style. 4.94" X 4.03° X

front and rear sub panels. All enclosufes are | 2=. Input: 115 Vac. UL and CSA listed. Reg-
6" wide X 6 1/4* deep. Choice of three hts. ulated. CAT# PS-53 $10.00 each

Includes non-skid rubber feet and hardware.

Available in Ivory, biack, and blue. 12 Vde 5 AMP
Panet ht CATS ACDC Electronics # 12N5 or equiv.
214" CATHMB-A $7.50ea 10/865.00 | Input: 100-240 Vac (wired for 115 Vac)
258" CATAMB-B $7.75ea 10/367.50 | Oulput: 12Vdc @ 5 amps. Open frame

3 CAT#MB-C $8.00ea 10/370.00 | Style.7 X 4 34" X 3" high. Regulated.
Please specily color. CAT# PS-125 $37.50 each

24 Vdc 2.4 AMP
ngﬁ/l‘l/z;v? yCT'YBNAI%(EE'f’iY Power-One Inc. #HC-24-2.4

Input: 115/230 Vac (wired for 115 Vac)
Output: 24 Vdc @ 2.4 amps. Open fzame
Yuasa 1800C Spedial purchase of new, style. 5.62° X 4.87" X 2.50" CSA listed.
fechargeable CATA PS-2424 $30.00 sach
nickel-cad batterles. Fl
1.2 volts, 1800 MAH. 6 Volt 1 Amp/Hour

PRICE REDUCED ON 10 0AMORE. [0 L \alel TV IR N:7- VR I3 44
CAT# HDNCB-C
10 ploces for $42.50 ($4.25 each) JAPAN STORAGE =

BATTERY CO. ai

100 pleces for $375.00 ($3.75 each)
Portalac# PE6V1 =

OPTO SENSOR o) voe;a(me;bbu) J
8 -acid (gell celt). =2b
O
Ussh device with 4 leads ) J ' Batfteries are prepped with 5* black and

— L red leads i d with 2 pin
g’ﬂf ‘g;‘(,s:g";”é‘o'w 9ap. ‘LuL : Ideal for rechargeable reserve power.
(oA joach CATH GC-81 $4.75 each +10 for $42.50

Experimentors Delight
ATARI 5200 VIDEO GAME CONTROLLERS

Atari video game controllers returned to the
dealer because of various defects.

D
None of them work properiy, but they { : ‘«._J"

have lots of great parns. A RF video ._,_.. >
modulator,eight 16K dynamic RAMs — T
in sockets, mleroprmors and D-A “' e e
co in sock X ‘?“' ’."%.g"al_
regulators on a hoavy-duty heatsink and lots -

of other ICs, capaciors, resistors, connectors and other components. Does not include the
power transformer or controls (joysticks). CAT# A-5200 $7.50 each - 2 for $13.50

SOLD AS-IS For Parts Only. No returns accepted.

REE ORDER LINES _

TERMS: Minimum order $10.00.Shipping and handling for the 48 continental U.S.A. $3.50
per order. All others including AK, HI, PR or Canada must pay full shipping. All orders
dekvered in CALIFORNIA must include state sales tax (6 %, & 12%, 7 %)
Quantities Limited. NO C.0.D. Prices swpcl to change without notice.

ALL ELECTRONICS CORPORA TION
P.O. Box 567 - Van Nuys, CA - 91408
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B o o Ks from old Colony Sound Lab

BUILDER'S GUIDES, general

BUILDER'S GUIDES, specific (cookbooks)

BKAA-4 KILLER CARSTEREO ON ABUDGET ......... $19.95
MH-2 HOW TO MAKE PRINTED CIRCUIT BOARDS .. $8.90
§-25 ELECTRONIC PROTOTYPE CONSTRUCTION . $l7 95
S-27 DESIGN OF OP AMPCIRCUITS . ............. $19.95
S-32 HOW TOREAD SCHEMATICS .............. $19.95
T-8 ENHANCED SOUND—22 Electronics Projects

forthe Audiophile........................ $11.95
T-10 ACOUSTIC TECHNIQUES FOR HOME

ANDSTUDIO ..........iiiiiiiinnnnnn, $18.95
SOUND ENGINEERING, REFERENCE WORKS
AE-1 SAGA OF THEVACUUMTUBE ............. $16.95
B-1 LOUDSPEAKER AND HEADPHONE

HANDBOOK ..............coiivinnnnt. $110.00
MH-1 HANDBOOK FOR ELECTRONICS

ENGINEERING TECHNICIANS (2nd Ed.) ....$49.95
MH-4 AUDIO ENGINEERING HANDBOOK ......... $89.95
NE-1 NEW EARS: A Guide to Education and

the Recording Sciences . ................... $11.95
PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE

CIRCUITDESIGN . .........inviinnnnn., $39.95
RR-1 1990 ARRL HANDBOOK FOR THE

RADIOAMATEUR .................c..... $23.00
S-19 SOUND SYSTEM ENGINEERING ............ $49.95
S-28 HANDBOOK FOR SOUND ENGINEERS: The New

AudioCyclopedia ........................ $79.95
X-1 PERCEPTION OF REPRODUCED SOUND ..... $35.00
DICTIONARIES
BKAA-7/S THE AUDIO GLOSSARY (Softbound) .......... $9.95
BKAA-7/H THE AUDIO GLOSSARY (Hardbound) . ........ $17.95
BKAA-7/L. THE AUDIO GLOSSARY (Limited Edition) ... .. $30.00
S-22 MODERN DICTIONARY OF ELECTRONICS . ..$39.95
T-9 THE ILLUSTRATED DICTIONARY OF

ELECTRONICS ...........ciiiiinnnnn... $24.95
P-2 DICTIONARY OFELECTRONICS ............ $8.95
P-3 ANEW DICTIONARY OF MUSIC ............ $8.95

SPECIAL!

BKL/K: BKAA-2 ($19.95) plus BKAA-4 ($19.95) for $30 ($2 S/H])

NOTE: BOOKS ARE NOT RETURNABLE FOR EXCHANGE OR CREDIT. Prices
are subject to change without notice. Please print in clear block capitals quantity
needed, book number and price. Total the amounts and REMIT IN US $ ONLY by
MC/VISA, check or money order. Charge card orders under $10, please include an
additional $2.

POSTAGE & HANDLING: In US, please add $2.00 for first book and 75¢ each ad-
ditional book. In Canada, please add $4.50 for first book, 75¢ each additional.
Overseas, please include 20% of total order for shipping.

DEALER INQUIRIES INVITED

Oty. Book No. Price

Postage S

I mc ] visA [ ck/mo TOTAL S

S-9 REGULATED POWERSUPPLIES ............. $21.95
S-10 ICOPAMPCOOKBOOK ..........ccvvvn.n. $24.95
S-13 AUDIO ICOP AMP APPLICATIONS .......... $19.95
S-14 ACTIVEFILTERCOOKBOOK ............... $19.95
S-17 ICTIMERCOOKBOOK ..............cv.... $19.95
S-18 TTLCOOKBOOK ........ciiiiiiiiinn.. $19.95
$-26 CMOSCOOKBOOK ...........oviviiinvnnn. $24.95
TUTORIAL
BKAA-3/1 AUDIOANTHOLOGY (Vol.1)............... $16.95
BKAA-3/2 AUDIO ANTHOLOGY (Vol.2)............... $16.95
BKAA-3/3 AUDIOANTHOLOGY (Vol.3)............... $16.95
BKAA-3/S AUDIO ANTHOLOGY (Vols.1-3) ............ $42.00
BKAA-5 LOUDSPEAKERS: The Why & How of

GoodReproduction ...................... $6.95
BKAA-6 THE WILLIAMSON AMPLIFIER . ... ........... $4.95
D-3 MUSIC, PHYSICS AND ENGINEERING ....... $8.95
D-5 FUNDAMENTALS OF MUSICAL ACOUSTICS .$15.95
P-8 INTRODUCINGMUSIC............ovvvvnn. $5.95
S-4 UNDERSTANDING IC OPERATIONAL

AMPLIFIERS . .. .. ... ittt $12.95
S-29 PRINCIPLES OF DIGITALAUDIO ............ $29.95
T-7 BASIC ELECTRONICSCOURSE ............. $17.95
T-11 UNDERSTANDING ELECTRONICS (3rd Ed.) .. $11.95
LOUDSPEAKERS (see also sound engineering)
BKAA-1 AUDIO AMATEUR LOUDSPEAKER PROJECTS . $20.00
BKAA-2 THE LOUDSPEAKER DESIGN COOKBOOK. . ..$19.95
BKAA-8 BULLOCKONBOXES ........ccvvvievnnnn. $10.95
S-11 HOW TO BUILD SPEAKER ENCLOSURES ..... $6.95
T-12 DESIGNING, BUILDING AND TESTING YOUR

OWN SPEAKER SYSTEM—WITH PROJECTS .$16.95
Ww-1 HIGH PERFORMANCE LOUDSPEAKERS ...... $38.95

CUIDEBOOKS AND DATABOOKS

N-6 GENERAL PURPOSE LIN DEVICES (LINDBK 1) $16.95
N-7 DATA ACQUIS LIN DEVICES ....(LINDBK2) $10.95
N-8 SPECIAL PURPOSE LIN DEVICES . (LIN DBK 3) $10.95
N-678 LINEAR DATA BOOKS (3-volumeset) ......... $35.00
N-9 LINEAR APPLICATIONS HANDBOOK .. ... . ..$16.95
P-1A THE PENGUIN GUIDE TO COMPACT DISCS

AND CASSETTES

NAME MAGIC NO.

STREET & NO.

cry STATE pld

MC/VISA EXP.

OLD COLONY SOUND LAB
PO Box 243. Dept. E91. Peterborough. New Hampshire 03458-0243 usa
(603) 924-6371924-6526 | FAX: (603) 924-9467

Answering machine for credit card orders only: (603) 924-6371
before 9:00 a.m.. after 4:00 p.m. and weekends.
Have information plus MC/VISA available.

“
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SESCOM INC.

5 PARTS DIVISION
= 2100 WARD DR.
HENDERSON, NV 89015 -9998

Rack Chassis

THE "FIRST CHOICE" FOR

CONSTRUCTORS HARDWARE

MODEL #. DESCRIPTION PRICE $ .
LT-1  CAPITAL LETTERS HELVETICA 14 pt. 3.95 ;22¥‘°’,,'S_T°Rs' DESCRIPTION 19 1099 100+
LT-2 LDWER CASE LETTERS HELVETICA 14 pt.  3.95 2N3904 NPN T092 12 10 08
» LT-3 NUMBERS HELVETICA 14 pt. 395 2N3906 PNP T092 12 10 08
- LT-4 CAPITAL LETTERS HELVETICA 10 pt. 395 2N2102 PNP T039 80 67 54
LT-5 LDWER CASE LETTERS HELVETICA 10 pt.  3.95 2N4037 PNP T039 90 75 60
MODEL #.  DESCRIPTION (Width x Depth x Height) ~ PRICES$ | | LT-6  NUMBERS HELVETICA 10 pt. 395 1| PN2219A NPN T0237 0 34 28
TRUS  19x5x1.75in. (4826 x 127 x 44.45mm) 28.00 LT-7 CAPITAL LETTERS HELVETICA 6 pt. 3.95 1| pN2gosa PNP T0237 40 34 28
TRU7  19x7x1.75in  (482.6 x 177 x 44.45mm) 30.00 LT-8  LDWER CASE LETTERS HELVETICAG pt.  3.95
TRUI0 19X 10X 1.75n. (482.6 x 254 x 44 45mm) 32.00 LT-9 ~ NUMBERS HELVETICA 6 pt. 4.95
2RUS  19x5x3.50in. (482.6 x 127 x 88.9mm) 30.00 LT-10 DIAL MARKING (DDTS) 4.95 DIODES:
2RU7  19x7x350in. (4826x177.8x88.9mm)  32.00 LT-11 DIAL MARKING (LINES) 3.95 (| pART NO. DESCRIPTION 19 1099 100+
2RUT0 19x10x3.50 in. (482.6 x 254 x 88.9mm) 34.00 LT-12 WDRDS (AUDID) HELVETICA 10 pt. 395 1] 1n34n GE DIDDE 17 15 13
3RUS  19x5x525in. (482.6x127x133.35mm)  38.00 LT-12 WDRDS (AUDID) HELVETICA CAPS 6pt. 395 | | 14001 SI DIDDE 1B 1110
3RU7  19x7x525in. (4826x177.8x133.35mm)  40.00 LT-12 WDRDS (AUDID) HELVETICA UPPER 1N4148 SI DIDDE 09 07 06
3RUT0  19x10x5.25in. (4826254 x 133.35mm) 42,00 AND LDWER CASE 6 pt. 3.95
The above rack chassis are made of .063 aluminum. LINEAR INTEGRATED CIRCUITS:
pRsiiootancueankaysSatioarl mheglanodied TERMS AND CONOITIONS PART NO. DESCRIPTION 19 1099 100+
All hardware is included. Assembly Required. MINIMUM DROER: The minimum order is $10.00. LF351N SINGLE DP-AMP 60 54 48
. TERMS: Terms of payment on open accounts are NET 30 days LF353N DUs-L DP-AMP 1.05 95 .84
Metal Cabiners from date of invoice. 4 NES534N SINGLEDP-AMP 128 115 102
C.D.0. OROERS: Payment must be made in cash, money order NES534AN LDW NDISE 180 162 144
or certified ch:cl;. A cc’:mpany check will be accepted only if previ- SINGLE DP-AMP
ously approved by the factory. L
OPEN ACCOUNTS: SESCOM, INC. extends credit to government NES532N DUAL DP-AMP IS i O
agencies andindustrial accounts with agood published rating. Firms
mhay:pply for ;n openglccgum by vequeitlllng:cvedil apglicat;og !(r)an | C SOCKETS:
the Accounts Receivable department. All orders are shipped C.0.D. -
until credit is approved. (Plgase allow 4 to 6 weeks to l;:l:)en anew PART NO. DESCRIPTION 19 10-99 100+
account.) We accept Mastercard and Visa. SDC-8 8PIN TIN N 10 09
F PRICES: Catalog prices are NET, FOB destination shipped upS | SDC-14 14 PINTIN d2. 110
ground. UPSBLUE and RED LABEL service available at an additional SDC-16 16 PINTIN 13 12 1"
MODEL #.  DESCRIPTION (Width x Depth x Height)  PRICE $ charge: UPS BLUE is $10.00 and UPS RED is $20.00. PRICES ARE SDC-18 18 PINTIN 15 14 13
MC-1A 4x3x2in. (101.6x 76.2 x 50.8mm) 15.00 SUBJECT TO CHANGE WITHOUT NOTICE. Orders are invoiced at | SDC-20 20 PINTIN 19 16 15
MC-2A 6x3x2in. (152.4 x 76.2 x 50.8mm) 17.00 prices in effect at the time of shipment unless specifically quoted oth-
MC-3A 8x3x2in. (203.2 x 76.2 x 50.8mm) 19.00 erwise. SESCOM, INC. shall add any existing or future Federal, State,
MC-4A 4x5x3in. (101.6 x 127 x 76.2mm) 17.00 or Loca taxes that may apply. We reserve the rightto apply the above CARBON FILM RESISTORS:
MC-5A 6x5x3in. (152.4x 127 x 76.2mm) 19.00 it your Tax Exemption Certiticate is not on file with our office. PART NO. DESCRIPTION 1-9 10-99 100+
MC-6A 8x5x3in. (203.2x 127 x 76.2mm) 21.00 SHORTAGE OR DAMAGE: All claims for shortage or shipment | oe ', ya) UE 59, 1/4W 05 02 01
MC-7A 4x7x4in. (101.6x177.8x101.6mm)  19.00 Ie."‘?'.’““S‘.De,’“““e within 10 days after receipl of the shipment. Our [ )\ STANDARD VALUES 1.0 DHM THRU 1.0M DHM
MC-8A 6x7x4in. (152.4x177.8 x 101.6mm) 21.00 iability is limited to the matenfil valug on the invoice. )
MC-9A 8x7x4in. (203.2x177.8 x 101.6mm) 23.00 MERCHANDISE RETURN. A prior written authorlgallon from
i ) i - ) SESCOM, INC. must be issued before return of any material. Instruc- .
The above cabinets are made of .063 aluminum. tions for returning the material will accompany the authorization. POTENTIOMETERS:
The front and rear panels are clear brushed anodized. Material that is returned without authorization or is over 90 days will PART NO. DESCRIPTION 1-9 1099 100+
Alf hardware and rubber feet are included. Assembly Required.  Carry @ restocking fee of a minimum of 25% to a maximum 100%. | 10KA 10KAUDID TAPER 200 1.80 1.60
Special order items will not be accepted for return.
P |-| K d P |-| ISU(%STIJUTIDP:S: \)Ne reserve the ri?ht to substiuge highgv .
quality (but identical part) at our option, unless you specify no sub- 8
U NC s AN U NC Es stitution at the time of the order. PART NO. DESCRIPTION 1-9 10-99 100+
Model#. Description  Price $ XLRFCA  3PINCABLEFEMALE 320 288 256
_— HP-2  XXTDDLKIT 12975 XLRMCA 3 PIN CABLE MALE 275 248 220
[ p— HP-4  BENCHMDUNT 15.00 m XLRFCH 3 PINCHASSISFEMALE 360 324 2.88
/ = PD-30  RDUND 1/16"  9.50 XLRMCH 3PINCHASSISMALE 260 240 2.08
- PD-31  RDUNDS/64"  9.50 174 ST 1/4° STERIO JACK 97 87 78
e i PD-32 RDUND332 950 ||MODEL#  HOLESIZE PILOTHOLE PRICES || 357 35mmSTERIOJACK 97 87 .78
PD-33  ROUND7/64"  9.50 PUNCH1  3/8°  ROUND  3/16' 895 || RCA  RCAPHONOJACK CHASSIS 65 59 52
Eg-gg ggﬂmg 19;24 ggg PUNCH2  7/16*  ROUND  716° 8.95
: ] : PUNCH3 1/ ROUND  7/32° 8.95
g oD e 33 || Puncka one  mouno 72 11.95 | | CAPACITORS: Axial Lead Electrolytic
PD38  AOUND3NE 820 PUNCHS 58  ROUND  7/32' 11.95 | | PART NO. DESCRIPTION 19 10-99 100+
Model#. Description  Price$| o3 ROUND 1364 950 PUNCHE  11/16" ROUND  7/32' 1195 || AC 1/50 1uf - 50V 38 35 30
HP-1  SJRTODLKIT 49.00 | PD.40  ROUND 735~ 950 PUNCH7 34 ROUND 7332 1195 | | AC 4.7/25 4.7uf - 25V 39 35 30
HP-3  BENCHMOUNT 1500 | PD-41  ROUND 15/64° 9.0 PUNCH8  13/16" ROUND  7/32" 1195 || AC 1025 100f - 25V 39 35 30
| 1 PD-42  ROUND 174" 9.50 PUNCH9  7/88  ROUND  7/32" 1195 || AC 47/25 47uf - 25V 46 42 37
PD-1 ROUND 1/16 6.00 | bp43  RONND17/64° 950 PUNCH10 1 RDUND 516" 12.95 | | AC 100/25 100uf - 25V 69 62 55
PD-2  ROUND5/64"  6.00 | pp-44  ROUND 9/32 950 PUNCH11 1-116" RDUND  5/16' 1295 || AC 22035  220uf - 35V 97 87 78
PD-3  ROUND 3/32°  6.00 | PD-45 ROUND 19/64°  9.50 PUNCH12 1-1/8° RDUND  5/16" 1295 || AC 470/35  470uf- 35V 134 121 107
PD-4  ROUND 7/64° 600 | PD-46  ROUNDSA6" 950 PUNCH13  1-3/16° RDUND  5/16' 12.95 || AC 1000735  1000uf - 35V 222 200 178
LS5 e 600 | PD-47 ROUND21/64" 950 PUNCH14 1-1/4" RDUND  5/16' 13.95
. | PD-48 ROUND11/32° 950 || PUNCH15 1-3/8 RDUND 56" 13.95
PD-6  ROUND 9/64 6.00 | PD-49  RDUND23/64" 950 | PUNCH16 1-172 RDUND 576" 1595 | | CAPACITORS: Radial Lead Electrolytic
PD-7  ROUND 32" 600 | PD-50  RDUND3/8" 950 PUNCH17  1-58" RDUND 516" 20.95 | | PART NO. DESCRIPTION 1-9 10-99 100+
PD-8  RDUND11/64* 600 | PD-51  ROUND25/64" 950 || pyncH18 1-34° RDUND  5/16' 2395 |{RC 1/50 10f - 50V 2% 24 2
PD-9  ROUND3AE 600 Eg:gg RouND ;%gﬁ 32 || Punciis 255 RouND 12 59.95 || RC 4.7/25  4.7uf- 25V 28 2% 2
PD-10 ROUND13/64" 600 | PD-54 ROUND 7/16' 950 || PUNCH20 11/716" SQUARE 172 31.95 | [ RC10/25  10uf-25V 3 28 25
‘ ‘o | PD-35  ROUND 20%64° 950 || PUNCH21 34 SQUARE 172 3595 | RC 47725 47uf - 25V 39 35 28
PD-11 ROUND7/32° - 600 f med pOUND 1o 950 || PUNCH22 v SQUARE 172" 4595 || RC 100/25  100uf - 25V 41 36 3
PD-12 ROUND15/64"  6.00 | pps7  ROUND 3164 950 || PUNCH23 21/32x5/16" REC.  1/2* 4595 || RC 220/35  220uf - 35V 61 55 .49
PD-13  ROUND 1/4* 6.00 | PD-58  ROUND 1/2" 6.00 || "PUNCH24  *THURST RACES FOR PUNCHES RC 470/35 470uf - 35V 99 90 .80
PD-14  ROUND 17/64" 6.00 | PD-59  ROUND 33/64° 6.00 (FOR EASIER PUNCHING) 1* thru 1-3/4"  9.95 RC 1000/35 1000uf - 35V 127 115 1.02
PD-15  ROUND 9/32 600 | PD-60  ROUND17/32°  6.00
PD-18  SQUARE 178 66'90 PD-61  SQUARE 1/8"  66.90 * UPS GROUNO SHIPPING IS FREE WITHIN THE CONTINENTAL LIMITS OF THE USA »
Gy creeer ool | e St TOLL FREE ORDERING IN ALL 50 STATES AND CANADA
PD-18  SQUARE 3/16" 66.90 | PD-64 REC.1/8x3/16" 83.10 FOR ADDITIONAL INFORMATION CONTACT:
PD-19 REC.1/8x316" 660 | P05 REC 1/8x1/4" 8310
P20 Ee s i 3 eaan | P06 REC.1Bx5/16 8310 SESCOM INC.- PARTS DIVISION, 2100 WARD DR., HENDERSON, NV 89015-9998
PD21 REC. 18X 1564 6690 | Pocy REv vpnonsy IO FOR ORDERS: 1-800-634-3457 » FAX: 1-702-565-4828 » REGULAR BUSINESS: 1-702-565-3400
BUSINESS HOURS: 8:00 A.M. TO 4:00 P.M. PACIFIC TIME , MONDAY THRU FRIDAY
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Top of the Line Uni\?tgr(s)cg)l OFF

Handi-Counter™,

M THEBENCH
AND
RUNNING

When OPTOELECTRONICS took fre-

quency counters off the bench we

created a whole new dimension -
2600 Frequency Finding .

Super Sensitive RF i I Our Handi-Counters™ make
Frequency Finder. 2210A Frequency Finding a reality by
$325. Full Range allowing you to pick-up radio
Pocket transmifters at the maximum
Size LED. possible distance.
Monitoring Enthusiast, Security

Specialists, Broadcast and Design
Engineers, Two Way and Amateur
Radio Operators and Service Techni-
cians have all made the move.
Shouldn't you?

' 1300H/A
Low Cost Ultra
= Sensitive (HF,
8030 . w UHF, VHP).

Bench Portable (Fits in an attache
case) with ALL the Handi-Counter™
Features plus More. $579.

aanct wnl

13000080

GATE
PwR oane

Ronge Signol X » R ¥
Llow Disploy Dispioy Strength  Universal TCXO 5 -

High 8 Digit LED 10 Digit LCD Borgroph Counter Option

LF0 we B0 T T3 PSS T T Toll Free Order Line:

2.4GHz add $125.

T Y L —— 1-800-327-5912

2.4GHz odd $ 80.

2600 Mz . . SRR In Florida call (305)771-2050
s _— FAX (305)771-2052

2210A 10Hz L] 1 .5ppm
2.4GHz odd § 75,

e e —
1300H/A 1MHz ° 1 .5ppm
1.3GHz odd § 75.
e —
Sensitivity: <1 to <10mV typical. NiCads & AC Charger/Adapter Included. Carry
Case. Antennas and Probes extra, One year parts & labor warranty on all products,




